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Summary 
• The aim of this report is to assess the current extent of salinity and other natural 
resource degradation issues and provide landholders with the best current management 
options to address natural resource management issues and enhance sustainable 
agricultural production.   
• The Wagin-Woodanilling Zone covers 163,000 hectares in the South-West agricultural 
area of Western Australia and includes the towns Wagin and Woodanilling.  It has a 
Mediterranean climate and receives between 400 millimetres and 500 millimetres or 
rainfall.  Soils are predominantly grey deep sandy duplexes, typically with acid topsoils 
and sodic neutral subsoils.   
• Currently the saline/waterlogged area covers nine per cent of the zone.  Up to 32 per 
cent of the Zone is low lying and susceptible to waterlogging, inundation and/or salinity.  
The potential damage to infrastructure is estimated at $107,000 per year.  Approximately 
40 per cent of the zone is susceptible to wind erosion, whilst 25 per cent is moderately 
susceptible to water erosion.  Current estimates suggest that 33 per cent of the soils are 
susceptible to soil acidity and 35 per cent is highly susceptible to waterlogging. 
• Nine per cent of remnant vegetation remains within the zone, mainly on privately owned 
land with 83 per cent of the vegetation situated in low-lying areas and under threat from 
rising watertables and salinity.  Two species of declared endangered flora and seven 
rare and priority fauna species occur within the zone.   
• The Gross Value of Agricultural Production across the zone was $35 million in 1999 and 
just above $30 million in 2001. The equity and debt for the zone based on a four-year 
average was 87 per cent and $199/hectare, respectively.   
• Agriculture or related industries employed 27 per cent of the people in Wagin and 65 per 
cent in Woodanilling.  The median age for farmers is 46 years for Wagin and 41 years for 
Woodanilling Shires.   
• Management strategies outlined for the main land management units, serve as a guide 
to farmers making decisions on practises to mitigate degradation issues.  
• A further output is establishing benchmarks and identifying sustainability indicators for 
monitoring and reporting on in the future. 
• Further action is required to establish and monitor a network of groundwater bores.  The 
majority of bores presently within the zone are in low-lying areas and is not suitable for 
use in a monitoring program.   
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1. Introduction 
Land degradation in rural communities in the agricultural region is of increasing concern with 
salinity, waterlogging, soil acidity and soil erosion causing serious environmental problems in 
Western Australia.  Damage to infrastructure and natural resources including remnant 
vegetation, waterways and wetlands and the reduction in agricultural production cause 
economic hardship to local communities. 
The objective of Rapid Catchment Appraisal (RCA) is to assess current and future risks to 
agriculture and natural resources within the specified catchment.  The RCA process also 
attempts to determine the most suitable options for managing the risks.   
1.1 Study area 
The Wagin-Woodanilling Zone is located within the Blackwood Catchment in the South West 
of Western Australia and covers 163,000 hectares (Figure 1.1). The Zone is downstream 
from Lake Dumbleyung, drained by the Coblinine and Beaufort rivers, with Parkeyering and 
Norring lakes as prominent features within the Zone. The main land use is agriculture (89 per 
cent), with the remaining area comprised of remnant vegetation (9 per cent) and the Wagin 
and Woodanilling townsites (2 per cent). Wagin and Woodanilling townsites both are in the 
zone, which encompasses parts of four shires - Wagin (53%), Woodanilling (42%), 
Katanning and Dumbleyung. 
 
 
Figure 1.1. Location of Wagin-Woodanilling Zone within the Blackwood Basin. 
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2. Natural Resource Base 
2.1 Climate 
Henry Brockman, Senior Development Officer 
The Wagin-Woodanilling Zone has a Mediterranean climate, where summers are dry and 
warm to hot and winters are cool and moist.  On average, 60 per cent of the annual rainfall 
fall between the months of May and August. The long-term average rainfall (Figure 2.1) for 
the zone is 438 millimetres with an average of 94 rain days per year (Bureau of Meteorology, 
2003).  A comparison between the long term, five and 10 year monthly averages, showed 
that the five and 10 year averages peaked later (July) than the long term average (May-
June).  This indicates a shift towards higher monthly rainfall later in the season or a cycle of 
later, higher rainfall.  Temperatures in the Wagin-Woodanilling Zone range from an average 
minimum of 6°C in July (Figure 2.1) to an average maximum of 31°C in January (Figure 2.1). 
The average annual humidity is 70 per cent, whilst evaporation at Wagin town-site is 1800 
millimetres per year (Bureau of Meteorology, 2003). 
2.2 Geology 
Tim Mathwin, Hydrogeologist 
The Wagin-Woodanilling Zone is entirely underlain by the Yilgarn Craton, consisting of 
mostly granites and adamellites (Chin and Brakel, 1986).  Gneiss is the predominant bedrock 
to the east of the zone with two small incursions of gneiss present on the eastern boundary, 
situated west of Dumbleyung Lake and northwest of Bellakin Hill.  An area of mixed granitic 
rocks outcrops in the centre of the zone covering an area of about 12 km2.  The most notable 
outcrop of this rock-type is Mount Hugel, northwest of Norring Lake. Elsewhere across the 
zone, outcrops of basement rock are common on the hilltops and mid-slopes. 
Dolerite and diorite dykes are scattered throughout the zone, but are only recognisable out of 
the valleys as linear ridgelines or lines of rock outcrop through the paddocks.  A single 
east-west trending clastic dyke is located at Puntaping Rock which is unusual because the 
original dyke material was of sedimentary origin and possibly liquefied by earthquake shock 
into a seismically induced fissure (Thom, 1980).  Broad valley floors and the associated 
chain of lakes is a dominant feature in the zone and consist of a mixture of alluvium, lake 
sediments and the associated sheets and dunes of sand of aeolian origin.  Large areas of 
reworked sand plains are found in the central east of the zone covering entire hill slopes.  
The best example of this sandplain lies east of Lime Lake.  Laterite is predominant in the 
south and northeast of the zone, but is mostly restricted to capping the underlying granitic 
rocks. 
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Figure 2.1. Average rainfall and temperatures recorded for Wagin. 
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2.3 Soil-Landscape Information 
Heather Percy, Research Officer (Soils) 
2.3.1 Soil-landscapes 
Soil-landscape units describe areas with repeating patterns of landforms and soils.  The 
regional soil-landscapes (Figure 2.2) in the Wagin-Woodanilling Zone were mapped in the 
Katanning area land resources survey (Percy, 2000).   
The main soil-landscape systems are described in Table 2.1. 
Table 2.1. Soil-landscape systems within the Wagin-Woodanilling Zone (Percy, 2000) 
System Description Sub-system or phase % of Zone 
Soil-landscapes of the undulating rises and low hills > 1% 1% or less 
Carrolup 
(42,100 ha, 26%) 
Undulating terrain with narrow drainage in the 
Woodanilling area.  Grey sandy duplex soils, mainly 
deep, with minor duplex sandy gravels and brown deep 
sands. 
Ca1, Ca2, Ca3 Ca4, Ca5, 
Ca6 
Dellyanine 
(37,200 ha, 23%) 
Undulating rises and low hills with rock outcrops and 
narrow drainage west of Wagin and Woodanilling.  Grey 
deep and shallow sandy duplex soils, brown deep sands 
and duplex sandy gravels. 
De2, De3, De4 De1, De5, 
De6, De8 
Whinbin  
(16,200 ha, 10%) 
Irregularly undulating terrain north of Wagin.  Grey sandy 
duplex soils, mainly deep, duplex sandy gravels with 
minor grey shallow sandy duplex soils, deep sandy 
gravels and loamy gravels. 
Wb1, Wb2, 
Wb3 
Wb1s, 
Wb4, Wb5 
Dongolocking 
(11,200 ha, 7%) 
Undulating terrain north east of Wagin.  Grey sandy 
duplex soils, mainly deep, deep sandy gravels, shallow 
gravels and minor yellow/brown sandy and alkaline grey 
sandy duplex soils. 
Do1, Do2,  Do1s, Do3, 
East Katanning 
(11,200 ha, 7%) 
Undulating terrain east of Woodanilling.  Sandy gravels 
with grey shallow and deep sandy duplex soils, including 
soils with alkaline subsoils. 
Ek1, Ek2,  Ek1s, Ek4 
Datatine  
(2,200 ha, 1%) 
Undulating terrain on shallow rock east of Wagin.  Red 
calcareous loamy earths, alkaline red shallow loamy 
duplex soils, alkaline grey shallow sandy duplex soils and 
minor ironstone gravelly soils. 
 Dt1, Dt2, 
Dt3 
Soil-landscapes of the broad valleys   
Norring 
(27,500 ha, 17%) 
Broad valley floor with lakes, dunes and sandplain 
between Wagin and Woodanilling.  Saline wet soils, salt 
lakes and grey deep sandy duplex soils with minor loamy 
earths. 
No1, No2, 
No3, No4, No5 
No5s 
Coblinine 
(13,300 ha, 8%) 
Broad valley floor with lakes east of Wagin.  Saline wet 
soils, alkaline grey shallow sandy duplex soils with minor 
areas of grey sandy duplex soils and alkaline grey 
shallow loamy duplex soils. 
Cb2, Cb3,  Cb2c, 
Cb3c, Cb4, 
Cb5 
Beaufort 
(1,800 ha, 1%) 
Broad valley floors with minor dunes and lakes west of 
Woodanilling.  Grey sandy duplex soils and saline wet 
soils 
 Be1, Be2, 
Be4 
The zone is dominated by rises and low hills with grey and yellow/brown sandy duplex soils.  
These mainly occur in the Carrolup, Dellyanine, Whinbin, Dongolocking and East Katanning 
soil-landscape systems (Ca2, De2, Wb2, Do2 and Ek2).  The rises and low hills are capped 
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with duplex sandy gravel, deep sandy gavel and shallow gravel and are usually bounded by 
distinct breakaways (Ca1, De 1, Wb1, Do1 and Ek1). 
Pockets of pale deep sands and gravelly pale deep sands often occur on the gravelly slopes 
(Wb1s, Do1s and Ek1s).  Deep and shallow sandy duplex soils are also common on the 
footslopes, drainage lines and valley flats (Ca4, Ca5, Ca6, De4, De5, De6, Wb4, Wb5, Do4 
and Ek4).  Saline wet soils also occur on these units.  Areas of shallow granite, gneiss and 
dolerite on the rises and low hills commonly have a higher proportion of red shallow and 
loamy duplex soils and rock outcrop (Ca3, De3, De8, Wb3 and Do3).  
A distinctive feature of the zone is the Norring system, a chain of lakes and swamps between 
Wagin and Woodanilling.  It consists of broad valley flats (No1, No2), lakes and swamps 
(No3) with some large lunettes (No4).  The sandplain (No5) with pockets of deep sand 
(No5s) between Wagin and Woodanilling also forms part of the Norring system.  Broad valley 
floors with saline wet soils and grey deep and shallow sandy duplex soils occur in the lower 
section of the Coblinine system (Cb2, Cb2c, Cb3 and Cb3c) and has lakes, swamps (Cb4) 
and lunettes (Cb5). 
2.3.2 Soil groups 
The most common and widespread soils are Grey deep sandy duplex soils occupying 30 per 
cent of the zone (Table 2.2).  These soils, along with Grey shallow sandy duplex soils, 
usually have sodic neutral clay subsoils with acid topsoils.  In low-lying areas and across the 
eastern half of the zone, clay subsoils become increasingly alkaline to calcareous although 
the sandy topsoils remain acid (Alkaline grey shallow and deep sandy duplex soils).   
Other common soils in the zone are Saline wet soils and Salt lake soils, located on low-lying 
valley floors and Ironstone gravelly soils, which cap the rises and low hills throughout the 
zone (Duplex sandy gravel and Deep sandy gravel). 
Table 2.2. Soil supergroups and main soil groups in the Wagin-Woodanilling Zone 
Soil supergroup 
(approx. area %) Main soil groups 
Approximate 
area (ha) 
Percentage of 
zone 
Grey deep sandy duplex 48,500 30 
Grey shallow sandy duplex  14,200 9 
Alkaline grey shallow sandy duplex 7,700 5 
Yellow/brown deep sandy duplex 3,900 2 
Sandy duplex soils 
(82,600 ha, 51%) 
Alkaline grey deep sandy duplex  3,700 2 
Duplex sandy gravel 8,400 5 Ironstone gravelly soils 
(22,200 ha, 14%) Deep sandy gravel 5,900 4 
Saline wet soils 14,300 9 Wet soils 
(20,200 ha, 12%) Salt lake soils 5,900 4 
Red shallow loamy duplex 3,400 2 Loamy duplex soils 
(14,400 ha, 9%) Alkaline grey shallow loamy duplex 3,100 2 
Brown deep sand 7,300 4 Deep sands 
(13,500 ha, 8%) Gravelly pale deep sand 3,600 2 
Loamy earths 
(5,300 ha, 3%) 
Brown loamy earth 3,100 2 
Rocky or stony soils 
(2,300 ha, 1.5%) 
Bare rock 2,300 1 
Other soil groups  1,600 1 
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FIGURE 2.2 Soil-landscapes in the Wagin-
Woodanilling Zone 
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2.3.3 Land management units 
Land management units are defined as ‘parcels of land’, with common soils and landforms 
(Lloyd, 1992).  Twelve land management units have been defined to cover the most common 
occurring parcels of soils and landforms in the zone (Table 2.3).  These units are largely 
based on the land management units defined in the Queerfellows Creek Catchment Action 
Plan (DAWA, 2000).  Figure 2.3 is a cross-sectional diagram showing where each land unit is 
situated in the landscape.  Appendix 1 documents the land unit components and proportion 
of  it. 
Table 2.3. Land management units in the Wagin-Woodanilling Zone 
Land Management 
Units 
Approx. 
area (ha) 
Landscape 
position 
Associated 
vegetation Main soil groups 
Main land management units (5% or more of the zone) 
Moderately drained 
duplex soils 
55,600 
34% 
Slopes (mainly mid 
to upper) and crests 
Wandoo (white 
gum); rock sheoak; 
jam, York gum 
Grey sandy duplex; Alkaline grey 
sandy duplex; Yellow/brown 
sandy and loamy duplex; Brown 
deep sand on granite 
Gravelly ridges and 
slopes (well drained) 
23,100 
14% 
Crests, slopes and 
rises 
Wandoo; rock 
sheoak; marri (red 
gum) 
Duplex sandy gravel, Deep 
sandy gravel, Loamy gravel, 
Shallow gravel 
Broad valleys (non-
saline) 
16,000 
10% 
Broad valley flats 
and alluvial plains 
Salmon gum, 
wandoo, York gum 
Alkaline grey sandy duplex; Grey 
sandy duplex 
Salt affected land 14,300 
9% 
Broad valley flats, 
plains, drainage 
lines and saline 
hillside seeps 
Salt tolerant 
vegetation – barley 
grass, samphire; 
swamp sheoak 
Saline wet soils 
Red soils 11,400 
7% 
Slopes and crests - 
often associated 
with dolerite dykes 
or shallow gneiss 
York gum; jam; 
wandoo 
Red shallow loamy duplex Red 
deep and shallow sandy duplex, 
Alkaline red shallow loamy 
duplex 
Poorly drained duplex 
soils 
11,200 
7% 
Footslopes, 
drainage lines and 
minor fresh seeps 
Salmon gum; York 
gum, swamp sheoak 
Grey sandy duplex; Alkaline grey 
sandy duplex 
Grey clays 11,000 
7% 
Valley flats and 
slopes, may have 
gilgai 
Salmon gum, York 
gum; needle bush 
Alkaline grey shallow loamy 
duplex, Grey shallow loamy 
duplex, Brown loamy earths, 
grey Calcareous loamy earths, 
Hard cracking clay 
Deep sands 8,100 
5% 
Slopes, lunettes and 
rises on valley floors 
Christmas tree, rock 
sheoak, banksia, 
marri  
Pale deep sand, Gravelly pale 
deep sand, Yellow deep sand  
Minor land management units (< 5% of the zone) 
Salt lakes 5,900 
4% 
Lakes and swamps Fringing vegetation 
of swamp Sheoak 
Salt lake soils 
Lake-bank soils 3,400 
2% 
Dunes and lunettes 
close to lakes 
Salmon gum Alkaline grey sandy duplex soils, 
Grey deep sandy duplex soils 
Rock outcrops and 
quartz veins 
2,300 
1% 
Crests and slopes Rock Sheoak, 
wandoo; York gum; 
jam 
Granite; dolerite; ironstone 
outcrops and quartz veins - non-
arable areas 
Mallet hills 1,000 
< 1% 
Breakaways and 
upper slopes 
Brown mallet; 
wandoo 
Acid shallow duplex 
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2.4 Hydrology 
Tim Mathwin, Hydrogeologist 
Regolith throughout the zone varies in both composition and thickness.  The groundwater 
flowpaths and storage capacity of the area is controlled by the regolith characteristics and 
bedrock topography.  In the Norring, Coblinine and Beaufort soil-landscape systems, the 
regolith comprises clay and sand sediments overlying in situ weathered bedrock.  These 
sediments are mostly absent in the rest of the zone where regolith comprises only a thin 
veneer of colluvium or alluvium over weathered bedrock.  The different occurrence of 
groundwater within the regolith and bedrock are called aquifers and are classified according 
to the host rock-type and relative size (Figure 2.4).  Local and intermediate aquifers are both 
found within the zone. 
 
Figure 2.4 Position of different aquifer types within the Wagin-Woodanilling Zone and their 
relationship with the geology and soil-landscape systems. 
2.4.1 Intermediate scale weathered basement aquifers 
Intermediate scale weathered basement aquifers refer to saprock at the regolith/bedrock 
interface.  The aquifers are typically 0.5-8.0 metres thick and are semi-confined or 
unconfined by overlying pallid clays.  Lateral groundwater flow occurs mainly in the more 
porous saprock.  They typically occur where the lateritic profile is mostly preserved, such as 
in the Dellyanine or East Katanning soil-landscape systems.  They do not exist where the 
lateritic profile has been completely eroded such as areas of shallow rock, palaeo-channels 
and rock outcrops. 
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2.4.2 Intermediate scale surficial aquifers 
Intermediate scale aquifers in alluvial deposits on valley floors may be surficial, 
semi-confined or confined.  Discharge from these aquifers is common on the broad valley 
floors, resulting in waterlogging or inundation of soils during winter.  This occurs in the 
Norring, Coblinine and Beaufort soil-landscape systems.  Palaeo-channels are intermediate 
scale alluvial aquifers, where ancient river systems eroded deep into the landscape and were 
filled with more recent alluvial sediments (Figure 2.4).  It is likely that a palaeo-channel 
underlies the Norring system, but drilling to date has not found evidence of its location 
(Crossley, 2003). 
2.4.3 Local scale perched aquifers 
Local unconfined (perched) aquifers occur in deep sandy deposits and dunes such as those 
in the Collanilling, Balaying, Lime Lake and Flagstaff Lake areas (in Ek1s, Wb1s, No5s and 
No4 subsystems).  Perched aquifers generally occur as grey, white and brown sands that are 
more than 80 centimetres deep.  Duplex soils may act as temporary aquifers (four or five 
years in 10) when recharge through rainfall is sufficient. 
2.4.4 Local scale weathered basement aquifers 
Local aquifers of a semi-confined to confined nature exist in weathered basement rocks and 
may cause discharge to occur close to the recharge point.  Examples of such local scale 
aquifers include break of slope discharge, discharge over dolerite dykes, shear zones or 
bedrock highs, found on the mid to lower slopes of the Carrolup and Dellyanine soil-
landscape systems.  Flows may be permanent or temporary.  Water is typically transported 
down a hill slope through unconfined aquifers that are relatively thin (< 20 metres) and close 
to the surface.  They may express at the surface as fresh or saline hillside seeps such as the 
mid-slope seep shown in the Queerfellows Catchment Action Plan (DAWA, 2000). 
2.4.5 Fractured rock aquifers 
Fractured rock aquifers occur at both local and intermediate scales, extending from tens of 
metres to tens of kilometres in length.  They typically have high conductivities (above 1.0 
metres/second) and a lower porosity (0-10 per cent) than saprock (25 to 50 per cent) 
(Kruseman and de Ridder, 1994).  Fractured rock aquifers contain limited groundwater 
resources, due to their low porosity and small area extent (< 1 per cent of zone).  
Sometimes, the fabric of the fractured zone is retained in the lateritic profile causing 
preferential discharge over shear zones and faults.  Clarke (pers. comm. 2000) identified 
three regional faults within the zone.  One trends north-northwest to south-southeast and 
runs beneath Norring Lake passing southwest of Mount Hugel.  The other two run parallel in 
the northeast of the catchment.  Dykes, likely to contain fractured rock aquifers, also occur.  
An example is Kenine Hill near the southwest boundary of the zone. 
2.4.6 Water resources 
Farm dams and rainwater tanks capture and provide the majority of water for stock, spraying 
and domestic use.  The Great Southern Towns Water Supply Scheme provides reticulated 
water to the townsites of Wagin and Woodanilling as well as parts of the surrounding shires.  
Standpipes provide access to this supply for those farmers without frontage to the reticulated 
water.  Around 35 per cent of groundwater (water points deeper than 2 metres) within the 
zone have electrical conductivity of less than < 1,000 mS/m (De Silva et al. 2000) and are 
able to be used for stock consumption.  Deep sands such as in the Lime Lake East area 
have perched fresh water, which can be accessed by building dams or soaks into the 
clay/sand interface.  
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2.5 Native vegetation 
Mitchell Davies, Operations Officer, Conservation and Land Management  
The study area is situated within the South-west Botanical Province with the majority of the 
area falling within the Avon Botanical District (Beard, 1980) and contains the Wagin and 
Dumbleyung vegetation systems.   
The Wagin vegetation system comprises woodlands of Eucalyptus astringens and E. wandoo 
on laterite mesas and breakaways, low woodland of E. loxophleba and Casuarina huegeliana 
on granite tors, woodland of E. loxophleba and E. wandoo on the slopes of undulating 
country, and a mosaic of woodland, tea tree scrub and samphire on salt flats (Beard, 1980).   
Descriptions of the vegetation associations are shown in Table 2.4. Twelve of the 15 
vegetation associations are poorly represented within the Zone with less than 15 per cent of 
their original extent remaining   
Table 2.4. Major native vegetation associations of the study area (Beard, 1980)  
Beards description % of original coverage 
Medium woodland; York Gum (Eucalyptus. loxophleba), Wandoo (E. 
wandoo) and Salmon Gum (E. salmonophloia) 83 
Succulent steppe with open woodland and scrub; Wandoo (E. wandoo), 
Salmon Gum (E. salmonophloia) and Allocasuarina obesa over teatree 7 
Medium woodland; Wandoo (E. wandoo) and Mallet 3 
Bare and poorly vegetated areas; salt lakes, lagoons and claypans 3 
Shrublands; teatree thicket with scattered Wandoo (E. wandoo) and Yate 
(E. occidentalis) 2 
Medium woodland; Wandoo (E. wandoo) and Yate (E. occidentalis) 1 
Shrublands; dryandra heath 1 
Medium woodland; Wandoo (E. wandoo) 0.3 
Shrublands; teatree thicket < 0.2 
Low Woodland; Allocasuarina hugeliana and York Gum (E. loxophleba) 0.1 
Shrublands; scrub-heath < 0.1 
Bare and poorly vegetated areas; rock outcrops < 0.1 
Medium woodland; Wandoo (E. wandoo), Morrell and Blue Mallet (E. 
gardneri) < 0.1 
Medium Woodland; Salmon Gum (E. salmonophloia) and Gimlet < 0.1 
Medium woodland; Wandoo (E. wandoo) and Blue Mallet (E. gardneri) < 0.1 
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2.6 Agricultural production 
Keith Ohlsen, Development Officer and Thomas Schulz, Research Economist 
2.6.1 Description of farming systems 
Nearly 90 per cent of the Wagin-Woodanilling Zone is cleared for agricultural landuse.  The 
current farming system is broad acre and mixed cropping/livestock.  Cropping components 
consist mainly of wheat, canola, oats, lupins and barley.  Subterranean clover annual 
pastures are most common with a small area (1800 ha) of perennial pastures such as 
lucerne and tagasaste.  The livestock component is mainly sheep for wool production. 
2.6.2 Cropping systems 
Historically, the general approach to cropping in this area was mainly a short pasture/crop 
rotation such as: legume pasture/cereal or pasture/cereal/cereal/pasture depending on soil 
type.  Improved crop varieties and the relatively recent introduction of high yielding, disease 
resistant canola varieties have seen cropping in the zone become more intensive.  Raised 
beds are being used by a small number of farmers in the higher rainfall area within the zone, 
where waterlogging is an issue. 
2.6.3 Livestock systems 
The main livestock enterprise is sheep production with cereal crops grown primarily to 
provide supplementary feed for livestock.  Figures 2.6 and 2.7 give an indication of the recent 
fluctuation in investment and return in animal production.  Areas of sown pasture declined 
rapidly in 1994 -95 in response to the drop in wool prices from 1991.  With wool prices at an 
all time low farmers were forced to look at varying farming practices resulting in an increase 
in cropping and in the reliance on native pastures for grazing. 
The improved sheep meat prices over the last 2 years have resulted in an increase in sown 
pasture establishment.  With new and better crop varieties being developed over the last five 
years there has been more area of land sown to lupins, canola, wheat and barley.  Greater 
emphasis on improved pastures is occurring as a shift back to sheep and some beef 
production is stimulated by higher livestock prices. 
2.6.4 Land values 
In 2001, the Wagin-Woodanilling Zone had 102 farms (derived from ABS data).  Figure 2.5 
shows that over the last 30 years land values (Valuer General’s Office, 2004) in the Wagin 
Local Government Authority (LGA) have slightly decreased in real terms (base year 2003).  
Volatility in nominal terms occurred mainly in the late 1980s and early 1990s due to high debt 
and interest rates and was reversed at the end of the decade as wool prices rose.  This trend 
was also evident in the Woodanilling LGA. 
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Figure 2.5. Nominal and real (inflation adjusted) land values in Wagin Local Government Authority 
between 1970 and 2001. 
2.6.5 Value of agricultural production 
Gross value of agriculture production (GVAP) peaked in 1999 at nearly $35 million (0.85 per 
cent of the State’s total GVAP1) and was in 2001 just above $30 million (0.69 per cent of the 
State’s total GVAP).  Figure 2.6 shows: 
• A trend towards grains has increased the share of cropping in the contribution towards 
the GVAP in the Wagin-Woodanilling Zone (from 53% to over 60%) 
• A considerable year-to-year fluctuation in the GVAP in the Wagin-Woodanilling Zone 
exists. 
 
 
                                                
1 These statistics (Agstats) used for analysis are based on Shires and are collected by the 
Australian Bureau of Statistics.  This data was collected annually until 1997; it is now collected 
every five years.  The data subsequent to 1997 is estimated based on historical data, there may 
be some errors. 
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Figure 2.6. Components of Gross Value of Agriculture Production (GVAP) in $ in the Wagin-
Woodanilling Zone (derived from ABS data). 
 
 
2.6.6 Production trends 
Figure 2.7 below shows the area of different crops/pastures in the Wagin-Woodanilling Zone 
between 1983 and 2001. Overall the pasture area (native and sown) has decreased from 70 
per cent to just above 50 per cent while cropping has increased their planting area to nearly 
50%. 
The following trends can be observed: 
• The majority of farmland is sown to pasture, even though the area has declined from 
66 per cent in 1983 to 39 per cent in 2001. 
• The area of native pasture has increased at the same time from 4% to 13%. 
• The wheat and barley areas have increased over the same time from 16% to around 
20% for wheat and from 5 per cent to 8 per cent for barley. 
• The planting area of oats have slightly decreased (7 per cent in 1983 to 6 per cent 
2001)  
• The area of lupins and canola has increased steadily since their introduction in 2001. 
They now cover three and five per cent of the Zone respectively. 
• The area of legumes has increased steadily from close to zero to over three per cent 
while the area of hay stayed steady. 
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Figure 2.7 Area of different crops/pastures on farmland between 1983 and 2001 in the 
Wagin-Woodanilling Zone (derived from ABS data). 
 
2.6.7 Farm performance 
The Wagin area recorded good farm performance in growing season 2002 with the average 
of 16 farms returning $82/ha operating profit. However, there was a wide range of 
performance from $173/ha operating profit for the Top 25% down to a $12 for the Lowest 
25%. This is a reflection of the range of resources available to different farmers (e.g. quality 
of land) but also managerial capacity to use resources to optimum capacity. It indicates the 
potential for individuals to improve performance by adjusting to the new technologies 
available.  
The Wagin district achieved lower grain yields, appears to have lower farm incomes but 
higher equity, and returns to capital, compared to the Great Southern region.  This indicates 
some potential for improvement; however the Wagin district continuous to be a solid 
production and profitability area. Selected Bankwest Benchmark 4-year (1998/99 to 2002/03) 
average data for both the Wagin district and Great Southern area appears in the following 
table for comparison.  
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Table 2.5. BankWest benchmarks – five year average data 1998/99 to 2002/03 
Capital analysis Great Southern (GS) Wagin Shire 
Effective area (ha) 1,749 1,736 
Assets ($/Eff ha) 1,676 1,548 
Debt ($/Eff ha) 248 199 
Long term debt ($/Eff ha) 155 117 
Equity (%) 85 87 
Long term debt to income (%) 53 42 
Return to capital (%) 2 2.7 
Machinery value ($/Eff ha) 233 236 
Farm income ($/Eff ha) 260 240 
Operating costs ($/Eff ha) 169 156 
Operating costs/Farm income (%) 68 68 
Grain % of farm income 58 68 
Sheep and wool % of farm income 34 26 
Wheat (t/ha)   2 1.86 
Barley (t/ha)   2.05 1.69 
Lupins (t/ha) 1.05 1.04 
Canola (t/ha) 1.07 0.78 
Crop % of effective area       50 57.8 
Total sheep income ($/winter grazed ha)      175 149 
Sheep costs ($/winter grazed ha)          108 100 
Wool price ($/kg) 4.18 4.21 
Average sheep sale price ($/hd) 37 29.6 
Source:  BankWest Benchmarks 1998/99 to 2002/2003.   
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2.7 Demographics 
Henry Brockman, Senior Development Officer 
Demographic data for the study area are shown in Table 2.6.  
Table 2.6 shows that employment in the Woodanilling shire is dominated by agriculture; 
whereas agriculture is not the main employer in Wagin and in addition, the percentage of 
people with tertiary education in Wagin is double that of the Woodanilling Shire. The 
population increase in Woodanilling Shire (6.6 per cent) is probably due to a concerted effort 
from the Shire to attract small landholders.   
Table 2.6. 1996 Demographics for the Wagin-Woodanilling Zone based on individual shires (ABS, 2000 
and Patterson Market Research, 1999) 
Demographics Wagin (53.5% of zone) 
Woodanilling 
(41.8% of zone) 
Farmers 18 52 Employment in agriculture 
as % of labour force People employed in 
agriculture 
27 65 
No award 53 83 
Vocational 16 4 
Farmer education (%) 
Tertiary education  31 13 
1995/1996 29,147 29,434 Average taxable income ($) 
1997/1998 ($32,444 in 
regional WA) 
28,718 26,823 
As at 12/1996 4.8 3.7 Unemployment (%) 
As at 12/2000 (5.2% in 
regional WA) 
4.5 1.2 
Total population 2000 
% change 1996 - 2000 
1949 
-0.5% 
364 
+6.6% 
Median age of farmers (years) 46 41 
The median age of Australia’s total population is 34 years and the median age of farmers 
and farm managers in Australia is 48 years (Fry, 2002). The median age for farmers in the 
zone was between 41 and 46 years. This follows the national trend of the farming population 
being significantly older than the national averages for the general population.  A survey of 
farmer’s ages in the zone in 1996 indicated that the Woodanilling Shire had the highest 
number of 25-34 year olds (32 per cent) and Wagin (14 per cent) had the lowest in this age 
group.  In the last five years, there has also been a considerable amount of inter-generational 
change within the Woodanilling Shire (Thompson, pers. comm. 2002). 
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3. Resource Condition and Future Risk 
3.1 Land management hazards 
Heather Percy, Research Officer (Soils) 
The main land degradation hazards in the zone are salinity, soil acidification, wind and water 
erosion and waterlogging.  The extent of soil salinity was mapped using Land Monitor (2001).  
Other land management hazards were assessed using regional soil-landscape mapping 
(Percy, 2000) and updated map unit attribution from the Department of Agriculture’s Map unit 
database (Dept. of Agriculture, 2004a).  Land qualities were derived using the methods 
outlined in van Gool, Moore and Tille (2004).  This provides an indication of land 
management hazards across the zone but does not represent the actual area affected by 
land degradation. 
3.1.1 Soil salinity 
• Current soil salinity is estimated to affect about seven per cent of the zone (Landmonitor 
2001). 
• Broad valleys floors of the Norring and Coblinine soil-landscape systems have the 
largest areas of salt affected land. 
• Salinity and hydrological risk is discussed in more detail in section 3.2. 
3.1.2 Soil acidity 
• Current estimates suggest that about one third of subsurface soils (10-20 centimetres) 
across the zone are either presently acid or highly susceptible to acidifying within the 
next 15 years.  
• Another third of subsoils are moderately susceptible and may become acid within 15-30 
years.   
• Grey deep sandy duplex soils, deep sands and deep sandy gravels have the highest 
proportion of strongly acidic surface and subsurface soils.   
• Grey deep sandy duplex, pale deep sands and gravelly pale deep sands have low 
subsurface pH due to the low organic carbon and clay contents at these depths.   
• The largest areas of highly susceptible soils occur in the Carrolup, Dellyanine and 
Whinbin systems (Ca2, De2 and Wb2). 
3.1.3 Waterlogging 
• One tenth of the zone has high to very high waterlogging hazard associated with salt 
lakes, swamps and saline wet soils on the broad valley floors in the Norring and 
Coblinine systems.  High waterlogging is associated with very poor crop growth and root 
pruning of pastures and under very high waterlogging most annual pastures die.   
• About one fifth of the zone has a moderate waterlogging hazard mainly on the Norring, 
Coblinine and Beaufort systems and on footslopes and drainage lines within the 
Carrolup, Dellyanine, Whinbin and Dongolocking systems.  Moderate waterlogging 
results in reduced growth of crops such as wheat and canola.   
• About 6 per cent of the zone has a low waterlogging hazard, which may affect 
susceptible crops such as lupins or lucerne, however cereal areas would be less 
affected. 
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3.1.4 Water erosion 
• About a tenth of the zone has high to extreme water erosion hazard.  This is associated 
with saline wet soils on broad valley floors in the Norring, Coblinine and Beaufort 
systems where flood risk is moderate or higher as well as on drainage lines and hillside 
seeps across the rest of the zone.  Breakaways also have high water erosion risk.   
• About one quarter of the zone has a moderate risk of water erosion on gentle slopes (5-
10 per cent) as well as on footslopes and drainage lines where waterlogging makes run-
off and erosion more likely.   
• The broad valleys also have moderate water erosion risk associated with moderate 
levels of flood risk. 
3.1.5 Wind erosion 
• About 40 per cent of the zone have high to very high wind erosion hazard associated 
with sandy soils on exposed crests and upper slopes.   
• One third of the zone has moderate wind erosion hazard.   
• Wind erosion is more likely to occur when ground cover is less than 50 per cent due to 
management practices such as overgrazing, burning stubble and cultivation.  
• Highest wind erosion hazard occurs on areas of deep sands (Do1s, No5s, Ek1s and 
Wb1s), crests and exposed sandy soils within the Carrolup (Ca2), Dellyanine (De2) and 
Whinbin (Wb2) systems.  
3.1.6 Water repellence 
• More than 35 per cent of the soils in the zone are highly susceptible to water repellence. 
• Highly susceptible soils generally have less than five per cent clay in the topsoils and 
include pale deep sands, gravelly pale deep sands, brown deep sands on dunes and 
grey sandy duplex soils.   
• Acid shallow duplex soils are often naturally water repellent caused by waxes exuded by 
mallet trees.   
• Susceptible soils are most abundant in the Carrolup (Ca2), Dellyanine (De2, De3, De4), 
Whinbin (Wb2), Dongolocking (Do2), Easy Katanning (Ek2), Norring (No1, No5) and 
Coblinine systems (Cb2). 
3.1.7 Subsurface compaction 
• About 70 per cent of the zone is assessed as being moderately to highly susceptible to 
subsurface compaction (traffic pans) caused by wheeled vehicular traffic.  This is 
assessed for the soil depths of 10 to 50 centimetres.   
• The most susceptible soils are those with a wide range of particle sizes, low organic 
matter and no secondary structure (Van Gool et al, 2004).  These include the grey deep 
sandy duplex soils, alkaline grey deep sandy duplex soils, yellow/brown deep sandy 
duplex soils, red deep sandy duplex soils, brown deep sands, yellow deep sands, pale 
deep sands and gravelly pale deep sands.   
• Susceptible soils are most abundant in the Carrolup (Ca2), Dellyanine (De2, De3), 
Whinbin (Wb2) and Norring (No3) systems. 
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3.2 Hydrological risk 
Tim Mathwin and Jane Kowald, Hydrogeologists 
3.2.1 Groundwater Records 
Over 850 bores have been drilled in the Wagin-Woodanilling Zone.  The bore data is stored 
in the Agbores (Dept. of Agriculture 2004b, 524 bores), and WIN database (Dept. of 
Environment 2004, 371 bores).  The Agbores database has been used in this analysis 
because the WIN database bores do not have chronological groundwater level readings 
(Figure 3.1). 
 
Figure 3.1. Location of Agbores within the Wagin-Woodanilling Zone. 
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Groundwater level data from Agbores shows that 28% of all bores located within the zone 
have been monitored at least once a year for three or more years.  Regularly monitored 
bores are focused around government projects: 
• Woody Combores (run by the Wagin-Woodanilling Landcare) 
• Queerfellows Creek (Department of Agriculture Saltwatch program) 
• Chain Gully (Department of Agriculture Saltwatch program) 
• Wagin Rural Towns (Department of Agriculture) 
Areas that are not covered by the projects have a poor distribution of bores and poor 
monitoring history.  For example, the Whinbin and Coblinine soil-landscape systems have 
few or no groundwater level records. 
3.2.2 Groundwater Trends  
Groundwater levels and conductivities are dependent on climate, hydrogeology, soil type, 
landscape, vegetation and land use.  Table 3.1 describes groundwater levels and 
conductivity trends according to soil-landscape system.  
Table 3.1 Summary of groundwater depth and groundwater electrical conductivity by soil-landscape 
system. 
Depth to groundwater (m) 
where –ve is below natural 
surface* 
Groundwater electrical 
conductivity (mS/m)** 
Soil-
landscape 
Zone 
Soil-
landscape 
system 
Number 
of bores 
used in 
analysis Deep-
est 
level 
Shallow-
est level Median 
Min. 
EC 
Max 
EC 
Median
EC 
Carrolup 31 -4.00 1.20 -0.74 60 7600 825
Dellyanine 35 -8.36 1.76 -1.40 195 4280 1445
Norring 62 -5.23 0.31 -1.83 40 6630 1620
S
ou
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n 
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ne
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f 
R
ej
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en
at
ed
 
D
ra
in
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e 
Whinbin 2 NA NA NA NA NA NA
Coblinine 3 NA NA NA NA NA NA
S
ou
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-
w
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rn
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ne
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f 
A
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nt
 
D
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e 
Dongolocking 14 -2.31 -0.12 -0.81 65 3520 250
*NA Not enough data for meaningful analysis 
**Electrical conductivity broad categories are: 
 Fresh - <90 mS/m, marginal = 90-270 mS/m, brackish = 270-900 mS/m, saline = >900 mS/m;  
Upper limits for adult sheep = 2200 mS/m; Seawater = 5300 mS/m. 
 
Groundwater salinity 
Groundwater salinity across the zone ranges from fresh to saline (Table 3.1).  The high 
salinity indicates that most bores are drilled into the saline aquifer in the granite saprolite. 
Of the bores used for analysis, 74 per cent are saline (> 900 mS/m), 21 per cent are brackish 
(270-900 mS/m), four per cent are marginal (90-270 mS/m) and one per cent are fresh (< 90 
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mS/m).  The fresh bores are likely to be drilled in deep sands, lunettes and dunes acting as 
seasonal soaks.  
None of the bores in the Whinbin soil-landscape system and few bores in the Coblinine soil-
landscape system have been monitored regularly; consequently, not enough readings are 
available to make a meaningful analysis. 
Groundwater levels 
Bores with good monitoring histories were analysed depending on their topographic position 
within individual soil-landscape systems.  Bores with nine or more readings were run through 
the HARTT program (Ferdowsian and McCarron, 2001).  Groundwater trends for all 46 bores 
were determined using the manual method and compared to the results of the Hartt analysis 
(Appendix 3).  Figure 3.2 shows groundwater hydrographs, for selected bores, against 
monthly rainfall for different topographic positions within soil-landscape systems. 
The rise in groundwater trends (Appendix 3) range from –0.7 to 0.3 metres per year. This is 
slower than the rise of Beaufort Zone to the south-west.  The latter suggests there is a 
general rising trend of 0.1 to 0.5 metres per year depending on position in the landscape 
(DAWA, 2003).  This difference is probably due to a lack of groundwater monitoring bores 
with median levels of greater than two metres from surface in valley floors.  This results in a 
network of bores with groundwater levels very near equilibrium and groundwater level 
changes largely influenced by surface conditions such as rainfall, evaporation and 
evapotranspiration. 
In Figure 3.2, a number of bores display consistent falling trends which can be attributed to 
the relatively short periods of time over which they have been monitored and may not reflect 
the long term trend.  Another factor may be remedial treatments such as groundwater 
pumping or tree planting applied nearby but there is no information available about such 
treatments.  For example, 94WW14 located in the Norring System, has a negative trend of -
0.1 metres per year (Figure 3.2). 
An absence of regular bore monitoring (except for projects mentioned in section 3.2.1) and a 
concentration on valley areas has left the zone with very few bores that have long-term 
monitored water levels greater than two metres below the surface.  It is recommended that 
any future hydrological studies in the zone ensure there is a distribution of bores across the 
whole landscape. Placement of new bores should be considered in the Whinbin, Coblinine, 
East Katanning and Beaufort soil-landscape systems in middle to upper slope landscape 
positions, where there is a lack of current data (Table 3.1). Another recommendation is that a 
formal monitoring program should be put in place to ensure regular data collection of those 
bores that have groundwater levels of over two metres deep, and allow ongoing analysis of 
the groundwater systems. 
3.2.3 Extent of salt affected land 
The extent of salinity mapped by Landmonitor (2001) was estimated to be 11,000 hectares or 
seven per cent of the zone (Figure 3.3) and was derived in Landmonitor using satellite area 
scenes from 1988 and 1999.  This estimate is smaller than the area of saline wet soils 
(14,300 hectares) reported elsewhere reflecting the different methods used to obtain the 
estimate. 
About 75 per cent of the salt-affected land in the Wagin-Woodanilling Zone is located in the 
Norring (42 per cent) and Coblinine (33 per cent) soil-landscape systems.  Both systems are 
located on valley floors featuring lakes and are associated with shallow groundwater levels. 
On-ground reconnaissance has revealed that salinity in the zone has increased since 1999.  
Processing of more recent satellite images is required to measure the extent of this increase. 
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FIGURE 3.2 Groundwater trends within soil-landscape systems in the 
Wagin-Woodanilling Zone
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3.2.4 Valley floor hazard 
Landmonitor (2001) estimated that 51,500 hectares (32 per cent) of the zone has low-lying 
areas and valley floors.  These areas may become permanently saline and/or waterlogged if 
the watertables rise sufficiently, or temporarily waterlogged if there is sufficient run-off 
following heavy rainfall.  The extent of valley floor hazard across the zone is shown in Figure 
3.3.  This data was generated using a Digital Elevation Model (DEM) and should only be 
interpreted as salinity risk when analysed with other hydrological data and models. 
Two other programs were used to model the groundwater systems within the Queerfellows 
Creek catchment, a sub-catchment on the western side of the zone.  The Flowtube program 
was used to model the water levels in a hydro-geological cross-section drawn for the 
Queerfellows Creek catchment (Department of Agriculture, 2000).  Model outputs showed 
that with the current rate of recharge, approximately 34 per cent of this catchment would 
have groundwater levels within two metres of the surface in 50 years.  This is similar to the 
Land Monitor estimates for the zone.  
Raper (in prep.) also modelled the hydrology of the Queerfellows Creek catchment, using a 
three-dimensional modelling package.  The results showed that with current rates of 
recharge, approximately 38 per cent of this catchment would have groundwater levels within 
2 metres of the surface before equilibrium is reached. 
3.2.5 Flood Hazard 
Interrogation of the Map Unit Database is the most effective way to provide broad scale 
estimates of areas at risk of becoming flooded (Mathwin, in prep.).  Flooding has been 
identified as a hazard on the Norring, Coblinine and Beaufort soil-landscape systems and on 
drainage lines and valley flats elsewhere in the zone (Ca5, Ca6, De5, Wb5, Do4 sub-
systems). 
The total area at risk of flooding in the Wagin-Woodanilling Zone is estimated at 22,000 
hectares or about 14 per cent of the zone (Dept. of Agriculture, 2004).  The total can be 
broken down into categories of low, moderate and high which correspond to how often the 
areas are likely to be flooded.  This is referred to as the average return interval (ARI).   
Areas of high flood risk (ARI = 1 year) consist of waterways and associated depressions and 
make up 2,900 hectares.  
Moderate flood risk areas (ARI = 2-10 years) correspond to floodplains and land directly 
surrounding the waterways and cover 10,100 hectares.   
Low risk areas (ARI > 10 years) include elevated floodplains and depressions or valleys that 
are only linked up to the waterways when the natural levees are exceeded by the floodwater 
levels and are estimated to cover 9,000 hectares. 
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FIGURE 3.3 Existing salinity and valley floor hazard in 
Wagin-Woodanilling Zone.
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3.3 Biodiversity conditions and risks 
Mitchell Davies, Operations Officer, Conservation and Land Management 
3.3.1 Remnant vegetation 
There are 14,800 hectares (9 per cent) of remnant vegetation left in the zone of which 3,300 
hectares (22 per cent) are contained in ‘A’ or ‘C’ class Nature Reserves vested in the 
Conservation Commission.  A further 3,000 hectares (20 per cent) is contained within Road 
Reserves or other Crown Reserves.  The remainder is held on privately owned land.  
Vegetation on privately managed land is often unfenced and vulnerable to excessive grazing.  
Altered hydrology, including increased waterlogging and a rising saline watertable is also 
threatening some remnant vegetation.  Most at risk are those in lower parts of the landscape 
including river valleys, flood plains and lower slopes.  
3.3.2 Flora and fauna 
There are two species of declared rare flora and seven priority flora species in the zone.  A 
list of these species and their conservation codes are shown in Table 3.2. A full description of 
individual priorities is listed in Appendix 4. 
Table 3.2. Declared rare and priority flora species within the Wagin-Woodanilling Zone 
Species Conservation code 
Verticordia fimbrilepis ssp. fimbrilepis Declared Rare Flora (Critical) 
Jacksonia velveta Declared Rare Flora (Endangered) 
Dryandra lepidorhiza Priority One  –  Poorly Known Taxa 
Caladenia luteola Priority Two  –  Poorly Known Taxa 
Dryndra acanthopoda Priority Two  –  Poorly Known Taxa 
Dryndra rufistylis Priority Two  –  Poorly Known Taxa 
Dryndra preissii Priority Four  –  Rare Taxa 
Dryandra porrecta Priority Four  –  Rare Taxa 
Caladenia integra Priority Four  –  Rare Taxa 
The Wagin-Woodanilling Zone contains populations of endangered fauna species such as 
the Red Tailed Phascogale (Phascogale calura) and Carpet Pythons (Morelia spilota 
imbricata).  Carnaby’s Black-Cockatoo (Calyptorhynchus latirostris) can be seen on its 
seasonal migratory path over the zone.  Common fauna species include Western Grey 
Kangaroo (Macropus fuliginosus), Common Brush Tail Possum (Trichosurus vulpecular) and 
Fat Tailed Dunnart (Sminthopsis crassicaudata).  The zone contains an extensive lake 
system, which was once habituated by numerous water bird species.  Bird species have 
declined in numbers due to the impacts of salinity.  Common water birds still found in the 
area include Grey Teal (Anas gracilis), Mallard (Anas platyrhynchos), Pink-ear Duck 
(Malacorhynchus membranaceus), Banded Stilt (Cladorhynchus leucocephalus) and White 
Faced Heron (Egretta novaehollandiae). 
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3.3.3 Biodiversity risk 
Approximately 41 per cent of native remnant vegetation stands are situated in low-lying 
areas of the landscape.  Degradation of flora and fauna communities in these areas has 
occurred and there is a high risk of further decline due to rising watertables.  The clearing of 
vegetation for agriculture has resulted in less than 10 per cent of the pre-European 
vegetation left for fauna and flora habitat. Many areas of remnant vegetation are too small to 
sustain viable populations of many fauna species.  This problem is compounded by the lack 
of vegetated corridors between remnants, which will allow the movement of smaller fauna 
species.  Remnant vegetation, and the species they contain, are also threatened by 
inappropriate management practices such as mechanical disturbance, grazing by stock and 
native fauna species, an inappropriate fire regime of too frequent burning and weed invasion.  
Fauna species have the further threat of extinction through predation by introduced species 
such as the fox and cat. 
3.3.4 Environmental weeds 
Peter Jolly & Graham Blacklock (Biosecurity officers) 
Weeds are categorised as environmental and agricultural weeds.  Environmental weeds are 
plants that pose a threat to the ecology of natural bushland (State Weedplan, 2001).  
Agricultural weeds on the other hand impact negatively on agricultural production, reducing 
profitability and limiting long-term sustainability.  The most important agricultural and 
environmental weeds found in the zone are listed in Table 3.3.  Bridal Creeper is of most 
concern to the community (mainly found on road reserves or nature reserves). Declared 
plants are also found within the study area and are managed under the Agriculture and 
Related Resources Protection Act 1976.  The most widespread Declared Plants in the zone 
are Cape Tulip. 
Table 3.3. Important weeds in the zone (Blacklock and Jolly, pers. comm. 2002) 
Agricultural weeds Environmental weeds 
Cape Tulip one leaf (Homeria flaccida) * Afghan thistle (Solanum hoplopetalum) 
Common Heliotrope (Heliotropium europaeum) * Bridal creeper (Asparagus asparagoides) 
Cotton Bush (Gomphocarpus fruticosus) * Caltrop (Tribulus terrestris) 
Doublegee (Emex australis) *  
Paterson’s Curse (Echium plantagineum) *  
*  Declared plants. 
3.4 Agricultural production 
3.4.1 Risks to farming systems 
Keith Ohlsen, Development Officer 
The most critical land management issues for this zone are salinity; soil acidification; wind 
and water erosion; and waterlogging. Farming systems must be flexible (i.e. able to be 
changed to respond to management pressures), resilient (i.e. able to withstand economic 
pressures) and able to address the main land management issues (i.e. able to respond to 
environmental pressure), or risk failing. 
One way to examine risk in the farming system context is to look at impacts of changes to 
the system.  These changes are in response to the land management issues identified and 
should include a financial analysis of the suggested system changes. 
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3.4.2 Economic risks to farming systems 
Thomas Schulz, Research Economist 
3.4.2.1 General 
Reduction in farm terms of trade has been ongoing for a significant period. This cost-price 
squeeze is clear when the comparison of prices received to prices paid ratio show a decline 
of 100 per cent over the 40-year period to 2001. 
Farmers have traditionally combated these movements by increasing productivity. Increases 
in agricultural production have come from the development of higher yielding plants, better 
growth rates in farmed animals and the use of artificial fertilizers, plant/animal protection 
agents, larger machinery and adoption of a large range of new technologies. This will 
continue to be the case as appropriate research and innovation provides further development 
opportunities. It is also forecast that new management structures will develop – leasing, 
sharefarming, co-operatives, corporate ownership – such that there will be an uncoupling of 
land ownership from the operational aspects of farm businesses. 
One of the consequences of productivity improvement is an increase in farm size and a 
resulting reduction in the number of farms. Between 1983 and 2002 the number of farms in 
the Wagin-Woodanilling Zone has decreased from 119 to 102. It is likely this trend will 
continue with additional farmers exiting the industry through retirements and shifts into 
alternative employment. 
Regardless, the physical resource base (the land) will continue to be challenged with 
environmental impediments - and farm businesses will continue to address the input/output 
decisions in conjunction with pricing/marketing issues. The more difficult challenges to 
farming in this region include climate change and variability, energy/fuel prices, land 
capability and generally low crop yields, land degradation risks (soil erosion, soil acidity, 
waterlogging etc.), commodity prices and exchange rates, and land area effected by salinity. 
 
3.5 Infrastructure 
Thomas Schulz, Research Economist  
The zone includes the Wagin and Woodanilling townsites. Currently 14 per cent of Wagin is 
affected by salinity compared with three per cent in Woodanilling.   
Dames and Moore (2001) estimated that the annual cost for managing the effect of a shallow 
saline watertable for town infrastructure in Katanning was $1,176/ha. Table 3.4 shows the 
cost to the town infrastructure in Wagin and Woodanilling from the above-mentioned 
estimate.  
Table 3.4. Estimated cost of shallow watertables to the town infrastructure in Wagin and Woodanilling 
Town Zoned area of town (ha) 
Town area affected by 
salinity (Land Monitor, 2001) 
Estimated annual cost to 
the town infrastructure 
($1,176/ha) 
Wagin 1809 257ha $302,000 
Woodanilling 809 29ha $34,000 
Roads in the zone include sealed (255 kilometres - including 33 kilometres of the Great 
Southern Highway), unsealed (561 kilometres) and tracks (188 kilometres).  According to 
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Land Monitor data 12 kilometres unsealed road and 6 kilometres of tracks are currently 
affected by salinity. Salinity and areas with shallow groundwater of less than two metres can 
affect road structure, increasing the maintenance cost and reducing the life expectancy of the 
roads.  Dames and Moore (2001) estimated annual extra maintenance costs/km of road due 
to a shallow watertable in Katanning to be from $300-$400 for sealed roads and $200 for 
unsealed roads. In addition extra road construction cost would occur due to the shorter 
lifespan of the road.  
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4. Management Options and Impacts 
This section describes options for managing land and water within the Wagin-Woodanilling 
Zone and includes an economic assessment of some of these options. 
4.1 Water management 
John Firth, Land Conservation Officer and Tim Mathwin, Hydrogeologist  
Groundwater drainage, pumping, siphons and relief wells are three methods used to manage 
groundwater.  Thorough investigation and planning are essential for success and will 
ultimately save money.  A ‘notification of intent to drain or pump’ (NOID) must be lodged with 
the Commissioner of Soil Conservation before works commence (Soil and Land 
Conservation Act 1945). 
A person failing to lodge a NOID before undertaking works, may face a charge of causing 
serious or material environmental harm (on-site and/or off-site) under recent changes to the 
Environmental Protection Act 1986. Maximum fines are up to $500,000 for an individual and 
$1 million for a body corporate  
4.1.1 Groundwater drainage 
At a number of sites throughout the zone, drains have been dug to lower the surrounding 
groundwater table levels.  These have been constructed where the groundwater level is 
within two metres of the surface and are mostly located on lower slopes or valley floors.  
Some examples of groundwater drainage systems are present in the Behn Ord catchment.  
The effectiveness of drains throughout the zone varies due to the hydraulic conductivity of 
the soils, which controls the effects of a drain on the groundwater levels.  It is advisable to 
dig ‘test pits’ along the path of a proposed drain to assess its potential to increase discharge.  
Proper design to allow for controlled surface water entry, prevention of wall collapse and 
stock access reduce maintenance costs.  Bligh (1989), Keen (1998) and FARMWATER Kits 
provide some good guidelines for construction parameters. 
4.1.2 Groundwater pumping 
Pumps perform the same function as a drain although the area of influence where 
groundwater levels have dropped is generally circular around the bore.  Bore depth and the 
hydraulic properties of the aquifer influence the magnitude of drawdown.  Pumping is 
expensive, and while some farmers within the zone have had some success with a 
subsidised initial capital outlay in the late 1980s, the main expense comes through running 
costs and maintenance.  Unless the aquifer has a high hydraulic conductivity and the zone of 
influence measures to tens of hectares, this option should only be used where protecting 
high value infrastructure such as dams, buildings and roads. George (2004a) provides 
technical specifications on various pumping systems. 
4.1.3 Siphons and relief wells 
Siphons and relief wells lower the watertable and soil salinity levels within the root-zone of 
plants and may be used to manage small saline seeps in relatively dissected landscapes.  
Siphons use gravity to maintain the flow, resulting in lower running costs.  The main 
limitations of the siphoning systems are the aquifer hydraulic conductivity and the gradient of 
the surrounding land.  Seymour (2003) notes that the gradient needs to be at least 1.5 per 
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cent.  Significant maintenance problems and loss of siphon occurs due to the presence of 
iron bacteria and high levels of dissolved gas in the groundwater. 
Relief wells are used in specific situations where the groundwater level is above the natural 
surface.  This happens when a bore penetrates an aquifer with enough hydraulic pressure to 
push the water to the surface (artesian aquifer).  They are normally more effective in areas 
with slopes greater than 5 per cent.  The wells are usually cut off, at or below ground level, 
and the water is discharged to an appropriate receiving body.  Drawdown in the well remains 
at or near ground level.  Numerous piezometers in the lower slopes of the zone have suitable 
conditions, which indicate that the use of relief wells may be possible. A Siphon flow 
calculator can be found on the Department of Agriculture website (George, 2004b). 
 
4.2 Surface water management 
John Firth, Land Conservation Officer 
Table 4.1 summarises suitable surface water management practices for the main slope 
classes and landform elements in the Wagin-Woodanilling Zone.  The costs of grade banks, 
W drains and deep drains are outlined in section 4.4. 
Table 4.1 Suitable earthworks for slope classes and landform elements in the Wagin-Woodanilling 
Zone 
Slope class Landform element Suitable earthworks 
Valley floors, lower 
footslopes 
Levee and Levied waterways. 
W drains or spoon drains. 
Raised beds. 
Deep drains and pumping depending on site. 
0-1% 
45,300 ha 
(28% of zone) 
Crests No earthworks recommended. 
1-3% 
59,800 ha 
(36% of zone) 
Long slopes, footslopes
Lower to upper slopes 
Seepage interceptor drains. 
Reverse bank seepage interceptor drains 
Levee and levied waterways. 
Diversion banks. 
Broad-based banks (not less than 2%). 
3-5% 
41,700 ha 
(26% of zone) 
Mid-slopes to upper 
slopes 
Grade banks. 
Seepage interceptor drains. 
Reverse Bank seepage interceptor drains. 
Levee and Levied waterways. 
Diversion banks. 
Broad-based banks. 
5-10% 
14, 500 ha 
(9% of zone) 
Mid to upper slopes Grade banks. 
Levee and levied waterways. 
Diversion banks. 
> 10% 
1,800 ha 
(1% of zone) 
Steep slopes, Mallet 
Hills and rock outcrop 
No earthworks recommended – site specific solutions required. 
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4.3 Land management options 
Heather Percy, Research Officer (Soils), Keith Ohlsen, Development Officer and John Firth, 
Land Conservation Officer 
Table 4.2 summarises a range of land, water and revegetation management options for the 
main land management units in the Wagin-Woodanilling Zone.  While these tables 
emphasise reducing groundwater recharge and increasing discharge, management options 
to address degradation issues such as water erosion and waterlogging are also included.  
Additional information on suitable species for revegetation options is included in Table 4.3. 
Best management practices across the zone should be based on reduced cultivation 
(minimum tillage and no-till operations), and cropping on the contour in order to reduce water 
and wind erosion hazard.  Stubble should be retained and stocking levels managed to 
maintain > 50 per cent ground cover to minimise wind erosion, particularly in the autumn.  
Remnant vegetation should be fenced and managed to encourage regrowth. 
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Table 4.2: Land, water and revegetation options for the main land management units in the Wagin-Woodanilling Zone 
MODERATELY DRAINED DUPLEX SOILS Approx. 55,600 ha (34% of zone) 
Description 
Mainly grey sandy duplex soils on 
lower to upper slopes and crests of 
rises and low hills.  Other soils 
include yellow/brown sandy duplex 
soils and gritty brown sands on 
granite. 
 
Soil and water problems 
• Groundwater recharge may be 
high in winter on regularly 
waterlogged soils. 
• Usually non-saline but saline 
hillside seeps or saline drainage 
lines may develop. 
• Soils may be acid or highly 
susceptible to acidification. 
• Water erosion risk is highest on 
slopes of 5% or more, along 
drainage lines and where tracks 
and fence lines run down slope. 
• High wind erosion hazard on 
exposed crests and upper 
slopes, otherwise the risk is 
moderate. 
• Sandy topsoils are susceptible to 
water repellence (non-wetting). 
• Moderately to highly susceptible 
to subsurface compaction. 
• Soil water storage in sandy 
topsoils may be low. 
Management options - Cropping and pasture options 
• Cereal, lupin and canola rotations are suitable on this soil.  Lupins are less suited 
to shallower duplex soils. 
• Phase farming, rotating crops with a perennial pasture, should increase water use 
and reduce recharge. 
• One perennial option is lucerne (suitable where soil pH > 4.8) mixed with serradella 
or sub. clover. 
• Tall wheat grass mixed with suitable annual legumes such as sub. clover. 
• Permanent pasture options include cocksfoot, phalaris and tall fescue. 
• Test soil pH and nutrients regularly and apply lime on acid soils. 
Surface water control 
• Grade banks are effective on this unit to control water erosion and waterlogging. 
• Interceptor banks on the grade are effective on duplex soils to control 
waterlogging.   
• Banks soils should not be cultivated or overgrazed and may require fencing. 
Revegetation and tree planting options 
• Plant commercial or native trees/shrubs (Table 4.2) in rows of 3-4 trees below 
grade banks to increase water use if shallow groundwater is fresh to brackish. 
• Oil mallees, eucalypt sawlogs or other stock resistance trees/shrubs can be 
planted without fencing if there is limited grazing in the establishment years. 
• Plant 3-10 row belts or strategic blocks of commercial timber trees (Table 4.2) 
particularly when there is fresh water at depth.  The distance between belts should 
be no greater than 150 m, if salinity management is the key goal. 
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GRAVELLY RIDGES AND SLOPES (WELL DRAINED) Approx. 23,100 ha (14% of zone) 
Description 
Duplex sandy gravels and deep 
sandy gravels found on crests and 
mid to upper slopes.  Other soils 
include loamy gravels, shallow 
gravels and pale shallow sands. 
Soil and water problems 
• High groundwater recharge if 
cleared. 
• Soils may be acid or highly 
susceptible to acidification. 
• Moderate water erosion hazard, 
particularly on slopes of 5% or 
more. 
• Moderate to high wind erosion 
hazard especially on exposed 
crests and upper slopes. 
• Moderately susceptible to water 
repellence (non-wetting). 
• Soil water storage is usually low. 
Management options cropping and pasture options 
• Phase farming between alleys of oil mallees or other trees is highly desirable. 
• Cereals, narrow-leafed lupins and canola can be included in rotations with lucerne 
(pH > 4.8) and serradella. 
• While lucerne is the most desirable species to use to increase water use and 
reduce recharge, other perennial options include cocksfoot, phalaris and tall 
fescue. 
• Alley farming with mixed fodder shrubs (such as tagasaste) can improve 
productivity and minimise recharge, especially where topsoils are sandy. 
• Test soil pH and nutrients regularly and apply lime on acid soils. 
Surface water control 
• Care should be taken when constructing earthworks on this LMU as buried 
ironstone may lead to poorly constructed shallow channels, ponding and increased 
recharge. 
• Grade banks constructed for water erosion control may leak.  Minimise recharge by 
planting 3-4 rows of trees on the contour or below grade banks. 
• Plant 3-4 rows of trees below existing absorption banks to compensate for extra 
recharge where practical. 
Revegetation and tree planting options 
• Plant commercial or native species (Table 4.2) in small blocks or belts 3-10 trees 
wide with the distance between belts no greater than 150 m. 
• Maintain perennials to reduce or prevent drainage of soil water to below the root 
zone. 
• Shallow ironstone layer may restrict rooting depth and deep rip if practical. 
• Clay subsoil may also restrict tree roots and deep ripping into the clay is 
recommended to assist establishment. 
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BROAD VALLEYS (NON SALINE) Approx. 16,000 ha (10% of zone) 
Description 
Alkaline grey shallow sandy duplex 
and grey sandy duplex soils are 
common on broad valley flats and 
floodplains of the Beaufort and 
Coblinine River and adjacent to the 
Wagin-Woodanilling lakes. 
 
Soil and water problems 
• Moderate groundwater recharge, 
highest where water temporarily 
ponds. 
• High salinity hazard on valley 
floors with shallow watertables 
and where water ponds (see 
Section 3.2). 
• Moderate to high risk of 
waterlogging and inundation with 
waterlogging the major limitation 
on this unit. 
• Moderate water erosion hazard 
associated with floods. 
• Sandy topsoils are susceptible to 
water repellence (non-wetting). 
• Moderately to highly susceptible 
to subsurface compaction (traffic 
pans). 
• Soil water storage in sandy 
topsoils is low. 
• Moderate to high flood hazard 
depending on proximity to rivers. 
• Frost is a hazard particularly on 
sandy surfaced soils as cold air 
accumulates on these valley 
floors. 
• Cropping and pasture management options 
• Avoid traffic and stock movement on wet soil to minimise soil compaction. 
• Phase farming between alleys of oil mallees or native species is highly desired to 
reduce groundwater recharge. 
• Balansa and Persian clovers (pH > 5.5) are suitable annual pastures mixed with 
tall wheat grass, particularly for waterlogged, mildly saline areas (‘barley grass 
flats’). 
• Oats or triticale are suitable crops, however raised beds may increase cropping 
options by managing waterlogging and inundation. 
• Summer crops such as forage or grain sorghum, sunflower, safflower or millet may 
be grown to help reduce recharge. 
• In summer moist areas, strawberry clover may also be an option. 
Surface water control 
• Appropriate shallow surface drains (e.g. W-drains) can effectively reduce ponding 
and minimise recharge. 
• May be combined with raised beds in areas used for cropping (e.g. Thomson’s on 
Robinson Road). 
• Grassed waterways with levee banks may be appropriate to contain ill-defined 
drainage lines.  Trees should not be placed inside grassed waterways. 
• Deep open drainage may be practical, however sodic subsoils will create design 
issues. Detailed site investigation is recommended. 
Revegetation and tree planting options. 
• Mounding may be required in waterlogged and/or regularly inundated areas. 
• Integrate tree belts with surface drainage. 
• Clay subsoils may restrict tree roots and deep ripping into the clay is 
recommended to assist establishment. 
• Plant commercial or native species (Table 4.2).  Salinity risk should be assessed 
prior to establishing commercial plantations.. 
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SALT AFFECTED LAND Approx. 14,300 ha (9% of zone) 
Description 
A range of soils affected by salt; 
usually waterlogged and may be 
subject to flooding.  It is usually 
seen on valley floors, drainage lines 
or as saline seeps on hillslopes 
where they are associated with 
bedrock highs and rock outcrops. 
 
Soil and water problems 
• Mainly groundwater discharge 
but recharge may occur during 
winter. 
• Presently saline. 
• Very high risk of waterlogging 
and inundation. 
• Highly susceptible to serious 
water erosion problems (sheet 
wash and rill), particularly along 
saline drainage lines and on 
saline seeps. 
• Bare areas are at risk of wind 
erosion in dry periods when the 
soil surface dries out. 
Management options  -  Soil management 
• Where possible, fence affected area to protect from compaction and erosion by 
stock and traffic. 
• Maintain ground cover to reduce risk of water erosion. 
Cropping and pasture options 
• Mixed planting of salt tolerant perennial pastures such as puccinellia, saltbush, or 
tall wheat grass and annuals such as balansa clover for mildly saline areas are 
recommended to stabilise saline areas. 
• The Beaufort Flats Pasture Improvement Group is trialing new subtropical and 
temperate perennial pasture species on mildly saline land at Thomson’s on 
Robinson Road. 
Recharge reduction and surface water control 
• Appropriate shallow surface drainage is recommended (e.g. W-drains, grade 
banks).  Notification of intent to drain may be required.  
• Interceptor banks constructed into clay above the salt affected area may aid in 
alleviating perched water contributing to saline areas. 
• Increase water use off-site as well as on-site. 
• Saltwater couch should not be planted in or near drainage lines as it reduces water 
flow. 
Groundwater options 
• Drains to relieve groundwater and groundwater pumping require site investigation 
and careful planning. 
• Drainage water should be disposed of carefully. 
• A Notice of Intent to Drain will be required. 
• Use of saline groundwater in aquaculture for production of trout, bream, brine 
shrimp and/or algae. 
• Desalinate brackish or saline groundwater for human or livestock consumption. 
(high capital costs) 
• Siphons for hillside seeps on slopes > 2%. 
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SALT AFFECTED LAND continued … 
  Revegetation and tree planting options 
• Mounding is essential and mounds should have grades of up to 0.5% to reduce 
waterlogging.  Mounds with a distinct ‘V’ shape work best. 
• Belts or rows of trees should complement surface water control and be planned 
once surface drains have been marked. 
• On mildly saline areas plant 4 row belts of salt-tolerant oil mallees or 3-10 row belts 
of salt tolerant trees (Table 4.2).  Plant salt tolerant pastures between belts to 
maintain grazing.  The distance between belts should be no greater than 50-100 m. 
• Single rows of direct seeded or seedling saltbush separated by alleys of salt 
tolerant pastures – managed for fodder. 
• Fence off creeks, waterways and adjacent bare/eroded areas.  Exclude stock to 
encourage regeneration of rushes, samphires, paperbarks and/or plant salt tolerant 
native species such as swamp sheoak (Casuarina obesa), various Melaleuca 
species or salt bush species. 
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DEEP SANDS                                                                                                                                             Approx. 8,100 ha  (5% of zone) 
Description 
Pale deep sands, and gravelly 
pale deep sands on mid to lower 
slopes associated with gravelly 
ridges and slopes.  Also includes 
minor yellow deep sands.  This 
LMU also includes brown, pale 
and yellow deep sands found on 
rises, dunes and lunettes adjacent 
to lakes. 
 
 
Soil and water problems 
High groundwater recharge. 
Highly leached soils, with poor 
fertility. 
Strongly acid or highly 
susceptible to acidifying. 
Moderately susceptible to water 
erosion, particularly along 
drainage lines. 
High risk of wind erosion on 
exposed crests and upper 
slopes, otherwise the risk is 
moderate. 
Sandy soils may display water 
repellence (non-wetting) or 
are highly susceptible to 
water repellence. 
Soil water storage is generally 
low. 
May only cover small areas 
making separate 
management more difficult. 
May harbour rabbits. 
 
Management Options - Soil management 
• It is important to maintain >50% groundcover on this LMU through stubble retention and 
stock management to control wind erosion. 
• Liming is likely to be uneconomical due to the characteristically low productivity of this 
soil, although liming may be necessary to establish lucerne 
Cropping and pasture options 
• Suitable long season annual legume pastures include Cadiz French, Santorini and 
Charano yellow serradella and Casbah biserrula. 
• Perennial pastures of lucerne (where soil pH > 4.8) or Rhodes grass mixed with 
serradella is another option. 
• These can be grown in alleys between rows of fodder shrubs such as tagasaste and 
golden wreath wattle (Acacia saligna), or other suitable species (Table 4.1) 
• Alley farming with mixed fodder shrubs minimises groundwater recharge and reduces 
wind blasting of other species. 
• Phase farming with narrow-leafed lupins and cereals can be carried out in the alleys. 
• Crop yields are likely to be relatively low due to poor soil fertility and low pH. 
 
Revegetation and tree planting options 
• Fence off remnant vegetation where possible.  Include low production areas and 
regenerate or plant species native to the local area. 
• Plant Maritime pine (Pinus pinaster) in blocks over areas of deep sands.  
• Plant plots of tagasaste or mixed tagasaste/Acacia saligna in rows 3-6 m apart.  Manage 
as fodder for cattle or cut for sheep fodder. 
• Seedlings usually grow best on deep sands but plant as early as possible. 
• Ripping is recommended but mounding is not.  Scalping to a shallow depth may remove 
the non-wetting layer. 
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RED SOILS Approx. 11,400 ha (7% of zone) 
Description 
Mainly red shallow loamy duplex 
soils found generally on upper 
slopes and ridges and often 
associated with outcrops of dolerite.  
Other soils include red sandy 
duplex, red deep loamy duplex and, 
more commonly in the east of the 
zone, alkaline red shallow loamy 
duplex soils and calcareous loamy 
earths. 
Soil and water problems 
• Moderate groundwater recharge. 
• Hillside seeps may occur on or 
near these soils as they are 
formed on dolerite dykes. 
• May become waterlogged in 
wetter years. 
• Sandy duplex soil upslope from 
this LMU maybe waterlogged 
when the heavier red soils act as 
a barrier to lateral water flow. 
• Moderate to high water erosion 
hazard on slopes of 5% or more. 
• Red calcareous loamy earths 
east of Wagin can have nutrient 
deficiencies and problems with 
herbicide carryover. 
• May cover small areas making it 
difficult to manage separately. 
• Trafficability is reduced where 
stone and rock content is high. 
Management options  -  Soil management 
• Reduce traffic in paddocks and avoid stock movement when soil is wet minimises 
compaction, especially on loamy or clay topsoils. 
• Measure soil pH to determine whether herbicide carryover will be an issue. 
Cropping and pasture options 
• Large areas of this LMU are considered an asset due to relatively high soil fertility 
and the wide range of cropping options. 
• Cereals in rotation with peas, faba beans, vetches or good quality pastures are 
most profitable and canola will grow well where waterlogging is limited. 
• Phase cropping with lucerne is one option for reducing groundwater recharge. 
• On waterlogged areas, tall wheat grass and balansa should be considered (treat as 
a Poorly drained duplex soil LMU). 
• Monitor crops and test plant tissue on highly alkaline soils to manage nutrient 
deficiencies. 
Surface water control 
• Grade banks and seepage interceptors can be installed to alleviate water erosion 
and waterlogging. 
• Care should be taken when constructing earthworks as striking rock may lead to 
poorly constructed shallow channels and increased recharge due to leakage. 
• Drainage may be practical if gritty and permeable layer occurs above bedrock.  
Water may be acidic. 
Revegetation and tree planting options 
• Strategic planting of commercial species such as sandalwood (Santalum 
spicatum), jam (Acacia acuminata var. acuminata) or eucalypts for high-grade 
sawlogs in belts or blocks (Table 4.2). 
• Two species native to the zone, red morrell (Eucalyptus longicornis) and salmon 
gum (E. salmonophloia) could be planted for very long-term returns.  
• Plant commercial or non-commercial trees below grade banks.  Oil mallees or 
other stock resistance trees/shrubs can be planted without fencing. 
• Relatively shallow depth to bedrock may restrict commercial plantations. 
• Clay subsoil may also restrict tree roots and deep ripping into the clay is 
recommended to assist establishment. 
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POORLY DRAINED DUPLEX SOILS Approx. 11,200 ha (7% of zone) 
Description 
Grey deep sandy duplex soils, may 
have alkaline subsoils, found on 
lower slopes, footslopes and larger 
drainage lines.  This unit is very wet 
in winter months.  Fresh hillside 
seeps and wet areas within Red 
Soil LMU are included in this LMU.  
Often covers small areas. 
 
Soil and water problems 
• Moderate groundwater recharge, 
highest where water temporarily 
ponds or perches on clay subsoil.
• High risk of salinity developing 
usually along drainage lines, 
seeps and ponded areas. 
• Acid soils or highly susceptible to 
acidification. 
• Moderate to high waterlogging 
hazard.  Waterlogging is this 
unit’s major limitation. 
• Moderate to high water erosion 
hazard especially when soil is 
wet.  Hillside seeps are highly 
susceptible to serious water 
erosion problems (gully and rill). 
• Areas of poor growth are 
susceptible to wind erosion when 
the soil dries out. 
• Moderately to highly susceptible 
to subsurface compaction (traffic 
pans). 
Management options  -  Soil management 
• Reduce traffic in paddocks and avoid traffic movement when soil is wet to minimise 
soil compaction. 
Cropping and pasture options 
• Balansa clover and/or tall wheat grass are productive options. 
• Oats or triticale are suitable cropping options. 
• As waterlogging reduces crop yields on this unit, see options for surface water 
control to increase cropping options and yields.  
Surface water control 
• Well-designed and constructed earthworks can alter this LMU to a Moderately 
drained sandy duplex. 
• Conventional or reverse interceptor banks are effective on shallow duplex soils to 
control waterlogging.  As there is more water being transferred to waterways, the 
waterways should be fenced, if stock damage is likely. 
• Banks may be combined with raised beds in areas used for cropping. 
• 3-4 rows of trees below grade banks may minimise waterlogging, wind and water 
erosion. 
• Fresh seeps can be a good water source for dams if sufficient quantity is available. 
Revegetation and tree planting options 
• Mounding is highly recommended on this LMU. 
• Plant commercial or native trees/shrubs (Table 4.2) below grade banks.  
• 3-10 row belts or strategic block plantings of commercial timber particularly when 
there is fresh water at depth. 
• Clay subsoil may also restrict tree roots and deep ripping into the clay is 
recommended to assist establishment. 
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GREY CLAYS Approx. 11,000 ha (7% of zone) 
Description 
Grey to greyish brown soils with 
loamy or clayey topsoils that set 
hard when dry.  Includes grey 
shallow loamy duplex soils, alkaline 
grey shallow loamy duplex soils, 
alkaline brown loamy earths, grey 
calcareous loamy earths, and hard 
cracking clay.  Cracking clays may 
have gilgai surface (“cup and 
saucer country”). 
 
Soil and water problems 
• Moderate groundwater recharge, 
highest where water temporarily 
ponds. 
• Salinity may develop on valley 
floors and drainage lines with 
shallow watertables, on ponded 
areas or as hillside seeps. 
• Moderate to high risk of 
waterlogging and inundation, 
highest on flats and low-lying 
areas. 
• Narrow range of soil moisture 
content for sowing crops – 
“Sunday country” very hard when 
dry and sticky when wet. 
• Moderately susceptible to 
surface soil structure decline. 
• May only occur in small areas 
within the paddock making 
separate management difficult. 
• In low-lying areas, frost is also a 
hazard. 
Management options  -  Soil management 
• Minimum tillage or no-till practices are preferred to maintain soil structure. 
• Avoid activities that reduce organic matter such as long fallowing in a crop rotation 
and burning stubble. 
• Adding gypsum may improve soil structure and increase productivity but 
investigate with a gypsum test and test strips first. 
• Reduce traffic in paddocks and avoid stock movement when soil is wet to minimise 
soil compaction.  Avoid working very wet soil. 
• Green manuring of a highly leguminous pasture or a legume crop may improve 
organic matter content and soil structure and aid in improving yield. 
Cropping/pasture options 
• Cereals and pulse crops (field peas, chickpeas, lentils or faba beans) are suitable 
crop options. 
• Phase farming between belts of oil mallees or native species is highly desirable to 
reduce recharge. 
• Perennial pasture options include lucerne (where not waterlogged or managed by 
surface drainage) or phalaris mixed with medic pastures. 
• Persian clover (soil pH > 5.5) or balansa clover are suitable annual pastures that 
can be rotated with cereals. 
Surface water control 
• Conventional or reverse interceptor banks are effective on slopes. Waterways 
should be fenced, if stock damage is likely. 
• Shallow surface drains (W-drains) can effectively reduce ponding on level areas. 
• Raised beds are an option if the area is used for cropping. 
• Grassed waterways with levee banks may be appropriate to contain ill-defined 
drainage lines but trees should not be placed within them. 
• On slopes, these soils can be a reliable run-off source for dams. 
• Deep drainage on grey clays has been difficult due to side wall collapse and low 
permeability 
Revegetation and tree planting options 
• Plant belts of trees or oil mallees (Table 4.2) below banks or separated by 
crop/pasture areas (suitable machinery width). 
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Table 4.3. Farm forestry options 
LAND MANAGEMENT UNIT 
PLANT GENUS AND SPECIES COMMON NAME USE 
GROWTH 
RATE 
MIN. 
RAIN-
FALL 
Moder-
ately 
drained 
duplex 
Gravel 
ridges 
and 
slopes 
Broad 
valleys 
(non-
saline) 
Salt-
affected 
soils 
Poorly 
drained 
duplex 
Red 
soils 
Deep 
sands:
Yellow  
& brown
Deep 
sands 
Pale 
Grey 
clays 
Acacia acuminata var. acuminata  Jam Timber & posts Medium 250 mm    2      
Allocasuarina huegeliana  Rock Sheoak Timber Medium 300 mm          
Casuarina cunninghamiana River Sheoak Timber Fast 450 mm    2      
Casuarina glauca Swamp Sheoak Timber Fast 350 mm    3      
Casuarina obesa Swamp Sheoak Timber Medium 275 mm    3      
Eucalyptus accedens Powderbark 
Wandoo 
Timber & firewood  Medium 350 mm          
Eucalyptus angustissma Narrow Leafed 
Mallee 
Biomass & oil N/A 250 mm    3      
Eucalyptus astringens  Brown Mallet Timber  Medium 350 mm    1      
Eucalyptus botryoides Southern 
Mahogany 
Timber & firewood Fast 450 mm    1      
Eucalyptus citriodora Lemon Scented 
Gum 
Timber Medium 400 mm          
Eucalyptus cladocalyx Sugar Gum Timber, firewood & posts Fast 400 mm    1      
Eucalyptus camaldulensis River Red Gum Timber, firewood & posts Medium 400 mm    2      
Eucalyptus horistes Ningan Mallee Biomass & oil N/A 250 mm          
Eucalyptus kochii subsp. Plenissima Oil Mallee Biomass & oil N/A 250 mm          
Eucalyptus loxophleba subsp. Gratiae Smooth Barked 
York Gum 
Biomass & oil N/A 300 mm    2      
Eucalyptus loxophleba subsp. Lissophloia Smooth Barked 
York Gum 
Biomass & oil N/A 300 mm    2      
Eucalyptus maculata Spotted Gum Timber & firewood Fast 450 mm          
Eucalyptus occidentalis  Flat Topped Yate Timber & firewood Medium 350 mm    3      
Eucalyptus polybractea Blue Leaved Mallee Biomass & oil N/A 300 mm    1      
Eucalyptus tricarpa Red Ironbark Timber, firewood & posts Medium 450 mm          
Eucalyptus saligna Sydney Blue Gum Timber Fast 500 mm          
Eucalyptus vegrandis Swamp Mallee Biomass & oil N/A 250 mm    2      
Eucalyptus wandoo  Wandoo Timber, firewood & posts Medium 400 mm    1      
Melaleuca acuminata Creamy Honey 
Myrtle 
Oil N/A 250 mm    2      
Melaleuca lateriflora Oblong Leaf Honey 
Myrtle 
Oil N/A 250 mm    3      
Melaleuca uncinata Broombush Oil & brush fencing N/A 250 mm    2      
Pinus pinaster Maritime Pine Timber Medium 400 mm          
Santalum spicatum Sandalwood Timber & oil Medium 300 mm          
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Growth rate: 
Fast Harvest in 20–25 years 
Medium Harvest in 25–30 years 
Slow Harvest after 30 years 
Salinity tolerance 
(vertical reading with an EM38): 
1 =   50–100 mS/m 
2 = 100–150 mS/m 
3 = 150–200 mS/m 
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4.4 Economic analysis of management options 
There are many options available for managing salinity. The benefit and cost on individual 
farms of the change in traditional farming systems towards at least some of theses options is 
as variable as the general spread of farm profitability in the region.  
4.4.1 STEP Model 
The STEP Model (Simulated Transitional Economic Planner) was used to simulate the 
financial implication of the transition to a different farming system using management and 
production practices to minimise groundwater recharge. The modelling has the dual aims of 
retaining or improving farm profitability under environmental constraints like salinity and 
waterlogging.  In this whole farm analysis a representative mixed farm (cropping and self 
replacing ewe flock) in regards to existing soil types and size (1,450 hectares) for the Wagin-
Woodanilling Zone was modelled and the economic potential of an alternative farming 
system was assessed.  The future farming system includes: 
• Eight per cent of the total area planting to oil mallees in suitable soil types 
• Planting of saltbush in salt affected areas (5 per cent of the total area); 
• Inclusion of lucerne (varying annually from 10–20 per cent of the total area) in the 
rotation in suitable soil types. 
Within the model the same cost and price assumption were used and budget surpluses were 
untaxed.  Figure 4.1 shows the annual budget surplus and the annual cropping area for the 
current, transitional and future ten-year period on a representative farm. 
 
Figure 4.1. Annual budget surplus and the proportion of annual cropping area (%) in a current, 
transitional and future scenario on a representative farm in the Wagin-Woodanilling Zone. 
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Figure 4.1 shows a relatively smooth increase in the annual budget surplus over time in the 
current scenario.  The transitional annual budget surplus fluctuates (between $3,000 and 
$90,000) which is mainly due to the establishing costs of the oil mallees (over $150,000) and 
to a lesser extent, lucerne and saltbush.  The future annual budget surplus fluctuates to a 
lesser degree and on a higher (in dollar terms) level.  
The proportion of the annual cropping area (including oil mallees for the transitional and 
future scenario) shows a similar picture.  While the current scenario shows a fairly even 
percentage of annual cropping area (around 55 per cent - 6 per cent), the transitional and 
future scenarios fluctuates between 50 per cent and 70 per cent of the annual cropping area. 
A comparison of a ten year cumulative annual budget position (before interest and tax) 
reveals that the transitional scenario is the least profitable ($448,000) compared to the 
current scenario ($597,000) and future scenario ($778,000).  None of the scenarios 
accounted for the impact on saline water tables and soil structure, change in management 
techniques or productivity increases due to the inclusion of lucerne. 
The overall results for the representative farm model showed: 
• The current farming system (cumulative over the ten year period) is less financially 
profitable than the assessed future farming system but more profitable than the 
transitional period; 
• The current scenario farm is easier to manage (less cash flow and crop/livestock 
variation) if all influencing factors of the farm business remain the same over time;  
• The establishment of alternative farming systems can be cash flow positive if longer 
transition periods are applied.  
 
4.4.2 Grade banks, W drains and Deep drains 
The cost of Grade banks can range from $500 to $800 per kilometre (Firth, pers. comm. 
2004) dependent on site specific solutions including soil type, machinery used, size of banks 
and contractors used.  Maintenance of banks is required every five years (~$150/kilometre).  
Benefits from constructing Grade banks include a reduction in waterlogging between 50 and 
100 metres downslope.  The cost for constructing W drains can range from $350 to $550 per 
kilometre.  This is dependent on site-specific circumstances including soil types, contractors 
used, machinery used and size of the drains.  The cost for deep drains range from $3,000 to 
$9,000 per kilometre and this is also dependent on the site specifications, machinery needed 
and the contractor employed. 
4.4.3 Relief wells 
A typical relief well with a drilling diameter of 100 millimetres, installed using 50 millimetre 
diameter casing, to a depth of 20 to 30 metres, is estimated to cost $2,000.00.  The initial 
cost is approximately $10,000 (no maintenance required) and the area reclaimed can be up 
to 20 hectares (Allan Seymour pers. comm. 2002). 
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5. Benchmarking 
5.1 Indicators 
Benchmark indicators for sustainability provide a useful measure of trends in key 
performance indicators for farm management and resource condition in this district when 
measured and compared at set times (suggested at five-year intervals).  Economic and 
social indicators provide useful data and trends for local planning for services and 
infrastructure to support agriculture in the district. Agricultural sustainability is measured on 
three different levels: environmental, economic and social (Tables 5.1, 5.2 and 5.3).   
5.1.1 Environmental indicators 
The indicators shown in Table 5.1 deal with the impact of agriculture on the environment and 
practises implemented to address those impacts. 
Table 5.1. Benchmarks for environmental sustainability, 1996 (unless otherwise stated) 
Indicator Wagin-Woodanilling Zone 
Salinity/waterlogged area (ha) 
Estimated increase in salinity 20–60 yrs (ha) 
10,990    (7%) 
51,500  (32%) 
Remnant vegetation (ha) 14,880   (9%) 
Wagin Woodanilling 
14 4 
Perennial pasture 1997–2000* 
Number of farmers 
Area (ha) 1,400 400 
 
11,920 
 
9,710 
Soil acidity  -  Lime use ** 
Estimated requirements /year (tonnes) 
Lime use/yr as % of requirement (95/96 – 99) 28 14 
*   Personal communication S. Dawson (2002). 
**  Porter and Miller (1998). 
5.1.2 Economic indicators 
Table 5.2 depicts an overview of the economic viability of farming production in the Wagin-
Woodanilling Zone.  Comparing future data using these indicators will show whether the 
current or changing farming systems are economically sustainable. 
Table 5.2. Benchmarks* for economical sustainability, 1996 (unless otherwise stated) 
Indicator Wagin-Woodanilling Zone 
GVAP for zone ($) 33 million 
Change in farming systems 
Cropping (% of effective ha) 
 
58 
Average farm size (ha) 1736  (Wagin) 
GS WA Wagin Gross margin/ha ($) 
5 year average (98/99 – 2002/03) 91 63 84 
Equity  (%) (4 yr average:  1997–2000) 87 
Debt    (4 yr average:  1997–2000) $199/ha 
Sealed roads Unsealed roads 
69  46  
 
Infrastructure at risk (km) 
Estimated additional cost/20-60 yr ($) 6.9 million 322,000 
•  Benchmarks per farm unless otherwise indicated; •  GS = Great Southern; WA = Western Australia. 
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5.1.3 Social indicators 
Farming practices impacting negatively on the environment are reflected in changes in the 
social structure as well.  The indicators for social sustainability are shown in Table 5.3. 
Table 5.3. Benchmarks for social sustainability, 1996 (unless otherwise stated) 
Indicator Wagin Woodanilling 
People employed in agriculture (%) 27 65 
Farmer education (%) 
No Award 
Vocational 
Tertiary 
 
53 
16 
31 
 
83 
  5 
12 
Average taxable income ($) 29,000 25,755 
Total population 1,725 389 
Median age of farmers (yrs) 46 41 
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Appendix 1: Definition of land management units in the Wagin-Woodanilling Zone 
Table 1: Land units components in the Wagin-Woodanilling Zone 
Land Management 
Units Main soil groups Soil Group 
Code 
Soil group 
Qualifier 
Landscape position 
## 
GSN SL_3; SL_5 
GSP SL_1; SL_3; SL_5; SL_C; SL_L 
PPS SL_1; SL_3; SL_5; SL_10; SL_C; SL_L 
Grey deep sandy duplex  403 
PWN FOW 
Grey shallow sandy duplex 404 PSS SL_3; SL_5; SL_C; SL_L 
GSP SL_3 Alkaline grey deep sandy duplex 401 
PPS SL_3; SL_5; SL_L 
Alkaline grey shallow sandy duplex 402 PSS SL_1; SL_3; SL_5; SL_L; FOW 
Yellow/brown deep sandy duplex 407 PSS SL_3; SL_L 
Yellow/brown shallow sandy duplex 408 PSS SL_3; SL_L 
Reticulite deep sandy duplex 409 GRP SL_1; SL_3 
FSR SL_1; SL_3; SL_5; SL_C Brown deep sand (on granite) 441 
PSR SL_3 
Brown sandy earth 462 NEU FOW 
Pale sandy earth 465 NEU SL_3 
Acid shallow duplex 501 PSS SL_3; SL_C 
Moderately drained 
duplex soils 
Yellow/brown shallow loamy duplex 508 PSS SL_L 
GSE SL_3; SL-_5; SL_C; FOW; RIS 
GSV SL_C 
PSV SL_3; SL_C; 
Deep sandy gravel 301 
VGR SL-_5; SL_C; 
CNE FOW; RIS; SL_3; SL-_5; SL_C; SL_L 
Gravelly ridges and 
slopes (well 
drained) 
Duplex sandy gravel 302 
PSS SL_3; SL_C; 
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Table 1: Continue.. 
CNE FOW; RIS; SL-1; SL_3; SL-_5; SL_C Loamy gravel 303 
VGR SL_3 
SAM SL_3; SL-_5; SL_C 
VGR SL_C 
Shallow gravel 304 
VSH SL_3; SL-_5; SL_C 
 
Pale shallow sand 422 PSR RIS; SL_3; SL_C 
CLY FPDs; FPPs; FPWs 
DSA DDPs 
DSD DDPs; FOSs; FPDs; FPPs; HSPs; STCs; 
SWLs 
LDP DDPs; FOSs; FPDs; FPPs; FPWs; STCs 
Salt affected land Saline wet soils 101 
SSD FOSs; FPDs; FPPs; FPWs; STCs; SWLs 
NEU SL_3; SL_5; SL_C; SL_L Red deep sandy duplex 405 
PSS SL_1; SL_3; SL_5 
Red shallow sandy duplex 405 PSS SL_3; SL_C 
Alkaline red shallow loamy 
duplex 
503 PSS SL_3; SL_5; SL_C; SL_L 
Red deep loamy duplex 506 PSS SL_3; SL_5; SL_C 
Red shallow loamy duplex 507 NEU SL_3; SL_5; SL_C; SL_L 
Calcareous loamy earths 542 SSS SL_5; SL_C’ FOW; SL_L (Dt2; Dt3) 
Friable red/brown loamy earth 543 NEU SL_3; SL_5 
Self-mulching clay 602 CLK SL_1; SL_3; SL_5; SL_C 
Red soils 
Red/brown  non-cracking clay 622 CLK SL_3 
Poorly drained 
duplex soils 
Alkaline grey deep sandy 
duplex  
401 PPS OS; SWL 
 Alkaline grey shallow sandy 
duplex 
402  FOS; SWL 
 Grey deep sandy duplex 403 GSP FOS 
   PPS DDPs (De4); FOS, FOSs;  
 Grey shallow sandy duplex 404 PSS FOS, FOSs 
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Table 1: Continue.. 
 Yellow/brown shallow loamy 
duplex 
508 PSS FOS 
Alkaline grey shallow loamy 
duplex 
502 PSS FOS; FOW; FPD; FPDs; FPP; FPPs; FPW; 
FPWs; LRI; SL_1; SL_3; SL_C; SL_L 
Grey shallow loamy duplex 504 NEU FOS 
  PSS FPDs; FPPs; SL_1; SL_3; SL_5; SL_C; 
SL_L 
Loamy earths 540 SSS FPDs; FPPs; FPW 
NEU SL_3 
PSS FOW 
Brown loamy earths 541 
SSS FPDs; SL_3 
Calcareous loamy earths 542 SSS FOSs; FPD,; FPDs; FPW; FPWs; GID; 
SL_3 
Hard cracking clay 601 CLK FPD,; FPDs; FPW; FPWs; GID; SL_3; 
SL_L; SWL 
Grey clays 
Grey non-cracking clay 621 CLK FPPs 
  PSS FPDs; FPPs; SL_1; SL_3; SL_5; SL_C; 
SL_L 
Loamy earths 540 SSS FPDs; FPPs; FPW 
NEU SL_3 
PSS FOW 
Brown loamy earths 541 
SSS FPDs; SL_3 
Calcareous loamy earths 542 SSS FOSs; FPD,; FPDs; FPW; FPWs; GID; 
SL_3 
Hard cracking clay 601 CLK FPD,; FPDs; FPW; FPWs; GID; SL_3; 
SL_L; SWL 
 
Grey non-cracking clay 621 CLK FPPs 
Brown deep sand 441 PSV FOW; FWD; LRI; RIS; SL_3 
PSR RIS Gravelly pale deep sand 443 
PSV FWD; LRI; SL_1; SL_3; SL_5; SL_C; SL_L 
Deep sands 
Pale deep sand 444 PSV SL_1; SL_3; SL_5; SL_C; SL_L 
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Table 1: Continue.. 
 Yellow deep sand 446 GSV SL_1; SL_3 
Salt lakes Salt lake soil 102 DNR SAL, SWMs 
Alkaline grey deep sandy 
duplex  
401 GSP LRI; RIS 
  PPS LRI; RIS 
Alkaline grey shallow sandy 
duplex 
402 PSS RIS 
Grey deep sandy duplex soils 403 GSP LRI 
  PPS LRI; RIS 
Lakebank soils 
Yellow/brown deep sandy 
duplex 
407 ALK RIS 
  PSS RIS 
Pale shallow sand 422 PSR LRI 
Yellow/brown shallow loamy 
duplex 
508 ALK RIS 
 
Calcareous loamy earths 542 SSS LRI; RIS 
Bare rock 201 DNR ROC; SL_3; SL_5; SL_10 Rock outcrops and 
quartz veins 
Stony soils 203 SAM SL_5 
Acid shallow duplex, 501 SSS CLI; SL_10; SL_C Mallet hills 
Yellow/brown shallow sand 424 VSH CLI 
 
# Schoknecht (2002) 
## Van Gool, Moore and Tille (in prep). 
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Table 2: Proportion of land management units in soil-landscape units in the Wagin-
Woodanilling zone 
Map unit Moderately 
drained 
duplex soils 
Gravelly 
ridges 
and 
slopes 
(well 
drained) 
Broad 
valleys 
(non-
saline) 
Salt 
affected 
land 
Poorly 
drained 
duplex 
soils 
Red 
soils 
Deep 
sands 
Salt 
lakes 
Grey 
clays 
Lake-
bank 
soils 
Rock 
outcrop 
and 
quartz 
veins 
Mallet 
hills 
253Bo_1 12 77 - - - - 9 - - - - 2 
257Be_1 - - 83 15 - - 1 - 1 - - - 
257Be_2 - - 43 50 - - 4 - 3 - - - 
257Be_4 - - 10 30 - - 25 30 - 5 - - 
257Ca_1 17 68 - - - - 10 - - - - 5 
257Ca_2 59 5 - 1 10 15 2 - 7 - - 1 
257Ca_3 71  - 1  18 - -  - 10 - 
257Ca_4 10 15 - 5 45 - 5 - 20 - - - 
257Ca_5 10 - - 65 20 - 5 - - - - - 
257Ca_6 - - 74 10 - - 15 - 1 - - - 
257De_1 - 87 - - - - 12 - - - - 1 
257De_2 58 13 - 1 12 12 3 - - - - 1 
257De_3 73 - - - - 16 - - - - 10 1 
257De_4 46 14 2 7 29 - 1 -- 1 - - - 
257De_5 5 3 - 50 40 - - - 2 - - - 
257De_6 - - 72 5 - - 15 - 8 - - - 
257De_8 49 25  - - 4 - - - - 20 2 
257No_1 - - 40 15 - - - - 45 - - - 
257No_2 - - 10 85 - - - - 5 - - - 
257No_3 - - 10 12 - - 3 70 - 5 - - 
257No_4 - - 7 5 10 - 30 - - 48 - - 
257No_5 17 - - 2 20 - 20 - 4 37 - - 
257No_5s 20 - - - - - 80 - - - - - 
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Table 2  Continue… 
257Wb_1 - 82 - - - - 14 - - - - 4 
257Wb_1s 5 - - - - - 95 - - - - - 
257Wb_2 39 27 - 2 20 5 5 - 1 - - 1 
257Wb_3 67 5 - 1 - 14 - - 7 - 6 - 
257Wb_4 24 - - 2 49 - - - 25 - - - 
257Wb_5 - - 45 20 15 - - - 20 - - - 
259Cb_2 - - 54 35 - - 1 - 10 - - - 
259Cb_2c - - 15 20 - - - - 65 - - - 
259Cb_3 - - 14 72 - - 1 - 13 - - - 
259Cb_3c - - - 65 - - - - 35 - - - 
259Cb_4 - - - 40 2 - 5 30 20 3 - - 
259Cb_5 - - - 5 - - 30 - 25 40 - - 
259Do_1 15 70 - - - - 15 - - - - - 
259Do_1s 10 10 - - - - 80 - - - - - 
259Do_2 49 5 - 1 23 10 - - 12 - - - 
259Do_3 46 - - 1 - 36 - - 7 - 10 - 
259Do_4 - - 60 30 5 - - - 5 - - - 
259Dt_1 4 95 - - - - - - - - - 1 
259Dt_2 39 11 - 2 - 39 - - 7 - 2 - 
259Dt_3 10 15 - 5 5 41 - - 23 - 1 - 
259Ek_1 6 76 - - - - 15 - 3 - - - 
259Ek_1s - 35 - - - - 65 - - - - - 
259Ek_2 63 22 - 1 - 7 - - 7 - - - 
259Ek_4 - - 50 40 - - - - 10 - - - 
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Appendix 2: Area and proportion of salt-affected and salinity hazard areas 
C 
 
Salt affected Proportion of 
total salt-
affected 
Valley Floors hazard total salinity 
hazard 
Soil-landscape Area (ha) (ha) (%) (%) (ha) (%) (%) 
253Bo_1 200 0 0 0 30 13 0 
257Be_1 1,100 120 11 1 900 84 2 
257Be_2 700 240 35 2 590 85 1 
257Be_4 100 0 7 0 50 71 0 
257Ca_1 4,000 0 0 0 30 1 0 
257Ca_2 28000 290 1 3 4570 16 9 
257Ca_3 6200 20 0 0 390 6 1 
257Ca_4 1600 80 5 1 560 35 1 
257Ca_5 300 40 12 0 240 83 0 
257Ca_6 2100 340 16 3 1730 81 3 
257De_1 1300 0 0 0 20 1 0 
257De_2 16600 70 0 1 2350 14 5 
257De_3 9500 10 0 0 540 6 1 
257De_4 4900 150 3 1 2070 42 4 
257De_5 300 70 26 1 250 91 0 
257De_6 2300 450 20 4 1900 84 4 
257De_8 2400 0 0 0 30 1 0 
257No_1 8100 1390 17 13 6570 81 13 
257No_2 3900 1680 44 15 3680 95 7 
257No_3 7700 1150 15 10 7230 94 14 
257No_4 2800 250 9 2 1730 62 3 
257No_5 4100 200 5 2 1810 44 4 
257No_5s 900 0 0 0 120 13 0 
257Wb_1 2500 0 0 0 110 4 0 
WAGIN-WOODANILLING ZONE APPRAISAL 
57 
57
 
257Wb_1s 300 0 0 0 0 1 0 
257Wb_2 10000 120 1 1 2340 23 5 
257Wb_3 2800 10 0 0 220 8 0 
257Wb_4 100 0 2 0 90 68 0 
257Wb_5 500 140 29 1 420 88 1 
259Cb_2 6500 1060 16 9 3780 58 7 
259Cb_2c 800 40 5 0 560 67 1 
259Cb_3 2500 1320 53 12 2200 87 4 
259Cb_3c 1500 780 53 7 1310 89 3 
259Cb_4 1600 520 32 5 1550 97 3 
259Cb_5 500 130 27 1 340 73 1 
259Do_1 2900 0 0 0 0 0 0 
259Do_1s 300 0 0 0 0 0 0 
259Do_2 7000 130 2 1 370 5 1 
259Do_3 800 0 0 0 10 2 0 
259Do_4 300 60 20 1 200 71 0 
259Dt_1 300 0 0 0 0 0 0 
259Dt_2 1600 0 0 0 20 1 0 
259Dt_3 300 10 2 0 50 14 0 
259Ek_1 6700 70 1 1 210 3 0 
259Ek_1s 500 0 0 0 20 3 0 
259Ek_2 3700 60 2 1 220 6 0 
259Ek_4 200 20 9 0 90 38 0 
Total 163,100 10990  100 51500  100 
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89KM12 Mid and upper slopes, hillcrests and breakaways 0.00 0.00 12 Mar95-Mar04
89KM13 Mid and upper slopes, hillcrests and breakaways 0.00 0.00 12 Mar95-Mar04
93KM03 Footslopes, drainage lines and rarely lower and mid slopes NA 0.05 5 Feb95-Feb97
93KM04 Footslopes, drainage lines and rarely lower and mid slopes NA 0.00 5 Feb95-Feb97
Lower 00QF08D Footslopes, drainate lines and rarely lower and mid slopes NA 0.25 5 Apr00-Jul03
slopes and 00CG01D Valley flats and plains NA -0.05 5 Apr00-Jul03
valley floors 00CG05D Valley flats and plains NA -0.05 4 Apr00-Jul03
Na SOILS 94WW12 Valley flats and alluvial plains 0.00 0.05 13 Sep94-Mar04
94WW13 Valley flats and alluvial plains 0.05 0.15 17 Sep94-Mar04
94WW14 Valley flats and alluvial plains -0.10 -0.10 17 Sep94-Mar04
Dongolocking Mid-slopes 91CN20 Lower-upper slopes, hillcrests and breakaways -0.05 0.00 15 Apr91-Nov97
System 93CN25 Lower-upper slopes, hillcrests and breakaways NA -0.25 7 Apr93-Nov97
93CN26 Lower-upper slopes, hillcrests and breakaways NA -0.10 7 Apr93-Nov97
91CN19 Lower to upper slopes and hillcrests -0.20 -0.15 15 Jul91-Nov97
Lower 91CN22 Valley flats and narrow plains 0.00 0.00 15 Jul93-Nov97
slopes and 91CN23 Valley flats and narrow plains 0.00 -0.15 14 Jul93-Nov97
valley floors 91CN05 Plains, stream channels and dunes NA -0.20 4 Feb94-Oct97
93CN30 Valley flats and narrow plains NA -0.05 7 Apr93-Nov97
91CN21 Valley flats and narrow plains 0.00 0.00 15 Apr91-Nov97
Carrolup System, Mid-slopes 94CT16 Mid and upper slopes 0.00 0.00 17 Sep94-Dec03
East Katanning System 94CT17 Mid and upper slopes 0.00 -0.10 17 Sep94-Dec03
and Coblinine System Lower 94CT18 Plains, stream channels and dunes NA 0.15 6 Oct94-Mar97
slopes and 94CT19 Plains, stream channels and dunes NA 0.15 6 Oct94-Mar97
valley floors
**Rate of rise colour coded where: Rising
Falling
Static
***NA where there is not enough data to make an accurate analysis.
 
Appendix 3: HARTT analysis results compared to manual method for rates of rise (m/yr) for individual bores. 
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Soil- Landscape Position in Rate of rise Rate of rise No. of Monitoring
Landscape Position* Bore ID Landscape from Soil-landscapes Hartt (m/yr)** Manual (m/yr)** records Period
Carrolup CD 93W W 07 Mid and upper slope NA*** -0.70 7 Sept94-Sept97
System 93W W 08 Mid and upper slope NA 0.30 7 Sept94-Sept97
94CT14 Lower-upper slopes 0.05 -0.05 16 Sept94-Mar04
94CT15 Lower-upper slopes 0.00 0.00 16 Sept94-Mar04
MS 97NR14 Lower-upper slopes 0.00 0.10 10 Sep97-Oct03
97NR15 Lower-upper slopes NA 0.10 5 Sep97-Oct03
97CT24 Lower slopes, footslopes and drainage lines -0.05 -0.05 11 Sept97-Mar04
97CT25 Lower slopes, footslopes and drainage lines 0.05 0.00 11 Sept97-Mar04
94CT02 Valley flats, narrow plains, dunes and lower slopes -0.05 -0.05 15 Sept94-May03
94CT03 Valley flats, narrow plains, dunes and lower slopes -0.05 -0.05 15 Sept94-May03
VF 94SK02 Sandplain and narrow valley flats 0.05 0.10 9 Sep94-Sep99
94SK03 Sandplain and narrow valley flats -0.05 0.00 10 Sep94-Sep99
93BR01 Sandplain and narrow valley flats NA 0.05 5 Apr95-Oct97
93BR02 Sandplain and narrow valley flats NA 0.10 5 Apr95-Oct97
94BR06 Sandplain and narrow valley flats 0.00 0.05 12 Sep94-Sep00
94BR07 Sandplain and narrow valley flats 0.00 0.05 13 Sep94-Sep00
94W W 20 Valley flats and alluvial plains -0.10 -0.15 15 Sep94-Mar04
94W W 23 Valley flats and alluvial plains -0.15 -0.10 14 Sep94-Mar04
94W W 21 Valley flats and alluvial plains -0.10 -0.15 12 Sep94-Mar04
94W W 22 Valley flats and alluvial plains -0.10 -0.15 15 Sep94-Mar04
94W W 12 Valley flats and alluvial plains 0.00 0.05 13 Sep94-Mar04
95MJ15 Valley flats, narrow plains, dunes and lower slopes NA 0.00 6 Feb95-Jun98
Dellyanine CD 00QF04D Lower to upper slopes, hillcrests and breakaways NA -0.05 5 Apr00-Jul03
System 00CG02D Lower-upper slopes NA 0.10 5 Apr00-Jul03
00QF02D Mid and upper slopes and hillcrests NA -0.10 5 Apr00-Jul03
00QF09D Mid and upper slopes and hillcrests NA -0.10 5 Apr00-Jul03
93KM05 Lower to upper slopes, hillcrests and breakaways -0.05 0.00 12 Sep94-Mar00
93KM06 Lower to upper slopes, hillcrests and breakaways -0.05 -0.05 11 Sep94-Mar00
MS 00CG06D Lower to upper slopes, hillcrests and breakaways NA 0.05 4 Apr00-Jul03
00QF06D Lower to upper slopes, hillcrests and breakaways NA -0.15 5 Apr00-Jul03
88KM17 Lower to upper slopes, hillcrests and breakaways -0.05 -0.05 10 Mar95-Mar00
88KM20 Lower to upper slopes, hillcrests and breakaways 0.00 0.00 15 Mar95-Sep03
88KM21 Lower to upper slopes, hillcrests and breakaways 0.00 0.00 15 Mar95-Sep03
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